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In the United States, defining concussion as “a complex pathophysiological 
process affecting the brain, induced by traumatic biochemical forces secondary to direct 
or indirect forces to the head”, high school athletes sustain an estimated 300,000 sports-
related concussions annually, assumedly underreported.  Among individuals 15 to 24 
years of age, sports are second only to motor vehicle accidents as the leading cause of 
concussions.   
In recent years, there has been an expansion of knowledge that has led to an 
increased awareness and understanding that all concussions include some level of injury 
to the brain and that an athlete suspected of having a concussion should be immediately 
removed from play for further evaluation. However, the utilization of decision-making 
tools that aid in detecting a concussion in addition to management of this injury vary 
among clinicians and are fraught with mixed psychometric results. 
The overall goal of this study was to improve the ability to detect and manage 
sports-related concussion in the adolescent athlete by evaluating a measurement model 
that included self-reported symptoms and neurocognitive tests. These frequently utilized 
assessment tools are components of the Immediate Post Concussion Assessment and 
Cognitive Test (ImPACT), a common computer-based measure in adolescents.  This 
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study also sought to provide additional support to the validity of ImPACT when applied 
to the adolescent athlete. 
An existing de-identified dataset of adolescent athletes, aged 14-18, was utilized 
to examine the structure of various models.  Using confirmatory factor analysis, a 
successful solution was found, contributing additional psychometric support and utility to 
ImPACT. An expanded understanding of psychometrically strong diagnostic tools, 
specific to the adolescent age group, is of utmost importance as even a single concussion 
can produce permanent sequelae in a developing brain with greater susceptibility to 
cognitive decline and slower recovery compared to older athletes. 
 Keywords: measurement model, confirmatory factor analysis, concussion, 
adolescents, athletes, PCSS, ImPACT 
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This chapter will summarize the scope and significance of adolescent concussion, 
provide a brief background and delineate current measurement tools that aid in its 
recognition. In addition, this chapter will provide support for the need to further 
investigate methods that recognize this substantial public health concern and specify a 
theoretical framework from the discipline of nursing as a foundation to this study. It will 
conclude with a summary of the importance of this work to the discipline of nursing and 
the identification of the aims and research questions specific to this investigation.  
Statement of the Problem 
 
In the past decade, few topics have sparked the scientific and lay literature, 
have as high a profile, or have generated as much public interest as sports-related 
concussions. The collision between science, sports and politics has shifted the pendulum 
of concussion recognition and management from that of “part of the game” to a 
significant public health concern. Historically most concussions were not considered 
serious, and athletes who sustained them were said to have been “dinged” or had their 
“bell rung.” The injured player would “shake it off” and return to play, usually under the 
coach or parent’s encouragement and no further assessment was completed (Institute of 
Medicine [IOM] & National Research Council [NRC], 2013). 
However, recent years have noted an expansion of knowledge that has led to an 
increased awareness and understanding that all concussions include some level of injury 
to the brain and that an athlete suspected of having a concussion should be immediately 
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removed from play for further evaluation (Aubry et al., 2001; Center for Disease Control 
[CDC], 2013; Halstead & Walter, 2010; Harmon et al., 2013; McCrory et al., 2005, 2009, 
2013). The overall goal of this study is to improve the ability to detect and manage 
sports-related concussions in the adolescent population. Additionally, this investigation 
seeks to provide additional validity to Immediate Post-Concussion Assessment and 
Cognitive Testing (ImPACT; Lovell et al., 2006) when applied to the adolescent athlete. 
In the United States, defining concussion as “a complex pathophysiological 
process affecting the brain, induced by traumatic biochemical forces secondary to direct 
or indirect forces to the head” (McCrory et al., 2013, p. 251) high school athletes sustain 
an estimated 300,000 sports-related concussions annually, assumedly underreported 
(Halstead, 2010; Marar, McIlvain, Fields, & Comstock, 2012).  Among individuals 15 to 
24 years of age, sports are second only to motor vehicle accidents as the leading cause of 
concussions (Marar et al., 2012).  Despite common belief, adolescent sports concussions 
are not limited to the existing public media focus on football and ice hockey. A current 
epidemiologic study of concussion in high school athletes found concerning concussion 
rates across a wide variety of high school sports and in both males and females, 
emphasizing a broader scope of adolescent sports concussions. (Marar et al., 2012). 
Elevated concussion concerns are now evident in a multitude high school sports: boys’ 
and girls’ soccer, lacrosse and basketball. In addition, boys’ wrestling and baseball; girls’ 
field hockey, softball and gymnastics display worrisome epidemiologic findings (Marar 
et al., 2012).  
The recent acknowledgment of the frequency, span and seriousness of sports-
related concussions has initiated a culture change. This change is evidenced by the latest 
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sports initiatives to educate athletes, coaches, trainers, clinicians, and parents of youth 
athletes about early concussion recognition and overall management (e.g., CDC, 2013; 
NCAA [National Collegiate Athletic Association], 2013; National Federation of High 
Schools [NFHS], 2013; NFL [National Football League], 2014; USA Football, 2013a; 
USA Hockey, 2013). In addition, rule changes designed to reduce the risk of head injury 
(e.g., Pop Warner Little Scholars, 2012, p. 44; USA Hockey, 2011, p. 58); the 
engagement of equipment manufacturers to examine potential changes to design 
(Daneshvar et al., 2006); and the enactment of legislation designed to protect young 
athletes suspected of having a concussion (NCSL [National Conference of State 
Legislatures], 2013) signal the change in culture regarding head injuries and sports.  
Despite the increased attention and recent proliferation of research on sports-
related concussion, it is still considered to be among the most complex injuries in sports 
medicine to diagnose, assess and manage (McCrory, Meeuwisse, Echemendia et al., 
2013). At present, there is no diagnostic test or biomarker that clinicians can utilize to 
diagnose a concussion. As the construct of concussion cannot be measured directly, a 
multitude of instruments exist to evaluate the effects of this head injury, resulting in 
confusion for clinicians. An expanded understanding of psychometrically strong 
diagnostic tools, specific to the adolescent age group, is of utmost importance as even a 
single concussion can produce permanent sequelae in a developing brain with greater 
susceptibility to cognitive decline and slower recovery compared to older athletes (Field, 
Collins, Lovell, & Maroon, 2003; Lincoln et al., 2011, Snedden, 2013). In addition, a 
concussion can lead to potential long-term effects in the domains of cognitive, social, 
psychologic, and /or sleep in adolescent athletes (DeBeaumont et al., 2009; Lincoln et al., 
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2011; Lovell, Collins, Iverson, Johnston, & Bradley, 2004; Lovell & Fazio, 2008; 
McCrory et al., 2013; Sim, Terryberry-Spohr, & Wilson, 2008; Snedden, 2013). 
Adolescents are also at risk for psychological and emotional disturbance following injury, 
including depression, anxiety, social isolation and loneliness, frustration, anger, and guilt 
(Putukian & Echemendia, 2003; Guskiewicz et al., 2007; Mainwaring, Hutchison, 
Bisschop, Comper, & Richards, 2010; Mainwaring et al., 2004; Bloom, Horton, 
McCrory, & Johnston, 2004). 
Escalated concerns related to these potential long-term consequences have 
produced a plethora of concussion-related guidelines and position statements that endorse 
specific diagnostic tools and measures meant to assist clinicians in identifying and 
managing athletes with suspected concussion. Despite the diversity of the organizations 
and disciplines represented, a common intersection within these recommendations is the 
importance of applying multiple dimensions of assessment as each concussion injury 
presents a unique set of signs and symptoms (McCrory et al., 2013; Giza et al., 2013). 
The combination of symptom assessment, cognitive testing, and balance evaluation 
measures is recognized as an empirically supported clinical model to measure the 
construct of concussion, as no biomarker, diagnostic test, or single measure has been 
shown to directly identify the unique effects of concussion for each individual athlete 
(Echemendia, 2013; Giza et al., 2013; Harmon et al., 2013; McCrory et al., 2013) In 
addition, the inclusion of concussion history, comorbidities and other complicating 
factors offer a comprehensive view of each individual’s concussion response 
(Echemendia et al., 2013; Figure 1.1). 
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As identified, the overall goal of this study is to improve the ability to detect and 
manage sports-related concussions in the adolescent population and to provide additional 
validity to ImPACT, a commonly utilized post-concussion assessment. However, to 
accomplish this broad objective, a number of specific aims will be identified. The most 
significant of these specific aims is the testing of a measurement model of concussion as 
the presentation of adolescents who incur a sports-related head injury. The proposed 
model incorporates a multi-dimensional measurement approach prevalent within the 
literature: symptom assessment coupled with neurocognitive testing.  
Figure 1.1. Multidimensional model of concussion assessment.  Adapted from 
“Advances in neuropsychological assessment of sport-related concussion,” by R. J. 
Echemendia et al., 2013, British Journal of Sports Medicine, 47, p. 3. Copyright 2013 by 
the British Medical Journal Publishing Group Ltd. Reprinted with permission. 
 
 Although a multitude of concussion measures exist, this study will utilize the 
Post-Concussion Symptom Scale (PCSS; Lovell & Collins, 1998) to represent the 
symptom assessment measure and the neurocognitive tests contained within Immediate 
Post-Concussion Assessment and Cognitive Testing (ImPACT; Lovell & Collins, 1998) 
to represent the neuropsychological appraisal.  These instruments were chosen for two 
reasons: a) they are the most commonly utilized concussion assessment tools in the 
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adolescent athlete population and, b) psychometric results exist for both of these 
measures, providing the opportunity to complete additional testing.  
Background 
A concussion, still known to some as a “ding,” or to others as “getting your bell 
rung,” is formally defined as “a complex pathophysiological process affecting the brain, 
induced by traumatic biochemical forces secondary to direct or indirect forces to the 
head” (McCrory et al., 2013, p. 251). This commonly utilized definition, along with its 
associated constructs, was generated by the 4th International Concussion in Sport group 
who met in Zurich in 2012 (Table 1.1). It is well known throughout the literature that the 
traumatic biochemical forces, the cause of concussion effects, result in a complex set of 
symptoms that affect physical, cognitive, emotional, and sleep-related domains as unique 
presentations in every individual (Kontos et al., 2012; Lovell & Collins, 1998; Pardini et 
al., 2004; Snedden, 2013).  These symptoms include: headache, nausea, vomiting, 
balance problems, dizziness, fatigue, trouble falling asleep, sleeping more or less than 
usual, drowsiness, sensitivity to light and/or noise, irritability, sadness, nervousness, 
feeling more emotional, numbness or tingling, feeling slowed down, feeling mentally 
“foggy”, difficulty concentrating or remembering, and visual problems (Lovell & Collins, 
1998; Table 1.2). Although vomiting, which is included in this list, is technically a sign, it 
will be considered part of the symptom measure as it is commonly incorporated within 
self-report symptom scales specific to concussion.  
Most individuals who sustain a concussion injury experience full recovery in 7-10 
days, however, younger individuals evidence greater susceptibility to cognitive decline 
and slower recovery following concussion injury compared with older athletes (Field et 
 7	  
	  
al., 2010; Glang, Koester, Beaver, Clay, & McLaughlin, 2010; Lovell & Fazio, 2008). 
Additionally, numerous studies have postulated that multiple concussions are correlated  
with devastating long-term effects including prolonged functional impairment, post-
concussion syndrome, Alzheimer’s disease, and chronic traumatic encephalopathy 
(Breedlove et al., 2012; Gavett, Stem, & McKee, 2011; Sim, Terryberry-Spohr, & 
Wilson, 2008). Comparable to the complexity and individualization of humans, the 
outcomes of concussion span a varied and somewhat unknown continuum of severity 
encompassing short- and long-term cognitive and physical deficits, and overall quality of  
Table 1.1 
Definition of Concussion per Zurich 2012 Consensus Statement 
Concepts Related to the Latent Construct “Concussion” 
1 Concussion may be caused either by a direct blow to the head, face, neck, or 
elsewhere on the body with an “impulsive” force transmitted to the head. 
2 Concussion typically results in rapid onset of short-lived impairment of 
neurologic function that resolves spontaneously. However in some cases, 
symptoms and signs may evolve over a number of minutes to hours. 
3 Concussion may result in neuropathological changes, but the acute clinical 
symptoms largely reflect a functional disturbance rather than a structural injury. 
4 Concussion results in a graded set of clinical symptoms that may or may not 
involve loss of consciousness. Resolution of the clinical and cognitive symptoms 
typically follows a sequential course. However, it is important to note that in 
some cases symptoms may be prolonged. 
  
Note. Concussion is a brain injury and is defined as a complex pathophysiological 
process affecting the brain, induced by biomechanical forces. Several common features 
that incorporate clinical, pathological, and biomechanical injury constructs that may be 
utilized in defining the nature of a concussive injury are described above. Adapted from 
Consensus statement on concussion in sport: The 4th International Conference on 
concussion in sport, Zurich, November 2012,” by P. McCrory et al., 2013. British 
Journal of Sports Medicine, 47, p 1-2.  Copyright 2013 by the British Medical Journal 




life concerns, in addition to mental health concerns, such as depression, anxiety, altered 
self-esteem, and potentially even suicide (McCrory et al., 2009; Reeves & Panguluri, 
2011). Finally, returning to contact sports prior to full recovery may have rare but 
catastrophic consequences, including second-impact syndrome, a poorly understood 
phenomenon of severe cerebral edema that risks the loss of life in just moments of onset 
when an additional head trauma occurs prior to brain healing from the first concussion 
(Boden, Tachetti, & Cantu, 2007; Cantu, 1998).  
Due to the overwhelming attention to potential consequences of concussion, 
accurate and timely recognition of signs and symptoms that identify a concussive injury 
is paramount to limiting the short- and long-term effects. Hence, measures and standards 
of care that yield psychometrically and empirically sound assessment, specific to age 
group, are of great importance when clinicians seek to confidently declare these athletes 
cleared to return to play and learn.  
Measurement Tools to Aid in Concussion Diagnosis 
Given the absence of a diagnostic test or biomarker for concussion, the most 
common component of concussion diagnosis is the self-report of a collection of 
symptoms known to represent concussion (IOM & NRC, 2013; Van Kampen, Lovell, 
Pardini, Collins, & Fu, 2006). However the reliance on an athlete’s self-report of 
symptoms as the sole element of diagnosis is fraught by the subjective nature of the 
symptom assessment and the known risk of athletes who may be motivated to 






Common Symptoms of Concussion 
 
Physical/Somatic Cognitive Emotional Sleep 
Headache Feeling mentally 
“foggy” 
Irritability Drowsiness 
Nausea Feeling slowed 
down 




More emotional Sleeping more than 
usual 






Dizziness    
Visual problems    
Fatigue    
Sensitivity to light    
Sensitivity to 
noise 
   
Numbness/tingling    
Note. Adapted from “Concussion in Sports” by the Centers for Disease Control and 
Prevention, 2013, http://www.cdc.gov/concussion/sports/inde.htm. Copyright 2013 by the 
Centers for Disease Control; “Sports-related concussion in children & adolescents,” by 
M. E. Halstead, K. D. Walter, and the American Academy of Pediatrics, Council on 
Sports Medicine and Fitness, 2010, Pediatrics 126, p. 599. Copyright 2010 by the 
American Academy of Pediatrics. 
 
participation in sport practice or competition (Anderson, Pomerantz, Mann, & Gittleman, 
2013; Dziemianowicz et al., 2012; McCrea, Hammeke, Olsen, Leo, & Guskiewicz, 
2004). The use of multiple evaluation tools may increase the sensitivity and specificity of 
concussion identification (Broglio, Macciocchi, & Ferrara, 2007; Guskiewicz & Register- 
Mihalik, 2011; Harmon et al., 2013; Register-Mihalik et al., 2013) and is the preferred 
method of diagnosing a concussion. However, existing evidence is insufficient to 
determine the ‘best’ combination of measures (Giza et al., 2013).  
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A multitude of measurement tools, with varied psychometric results, exist to aid 
the clinician in diagnosing adolescent sports concussions using a combination approach. 
These tools are commonly organized into the following categories:  neuroimaging, 
postural stability, neurocognitive function, and self-reported symptoms. As a concussion 
is generally known as a functional injury, not a structural injury, standard neuroimaging 
is without significant value to the recognition of concussion and is not an accepted 
standard of care in the evaluation of uncomplicated concussion (McCrory et al., 2013).  
Traditional neuroimaging techniques are instead utilized to rule out skull fracture, 
intracranial bleed, cerebral swelling or other pathology that may require surgical 
intervention and are not recommended for evaluation of sports-related concussion unless 
a more serious injury is suspected (Giza et al., 2013; McCrory et al., 2013; Suskauer & 
Huisman, 2009). Therefore, the majority of sports concussion assessment is focused on 
three measurement categories:  self-reported symptoms, neurocognitive function, and 
postural stability/balance (McCrory et al., 2013).  
Theoretical Considerations 
At this time, there exists no diagnostic test, biomarker, or single measure that 
alerts a clinician when an adolescent athlete has sustained a concussion. Concussion 
recognition and management is primarily driven by the assessment of symptoms after 
sustaining this type of head injury, most especially by those clinicians who serve in 
primary care environments (IOM & NRC, 2013; Van Kampen et al., 2006). However, 
current assessment practices rely on guidelines suggesting multi-faceted measurement of 
symptoms known to reflect the construct of concussion. A measurement model that 
contains these components in addition to the examination of potential mediators of 
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concussion symptoms is long overdue.                                                                                             
 The precipitating event of concussion, a “direct blow to the head, face, neck or 
elsewhere on the body with an ‘impulsive’ force transmitted to the head,” (McCrory et 
al., 2013, p. 1) produces a set of symptoms, although unique and individualized by 
athlete, that has guided the recognition and management of concussion for a number of 
symptoms and related symptom management processes as a temporal sequence of 
occurrences and includes influencing factors represented by the nursing paradigm 
concepts of person, environment, and health (Fawcett, 1995; Flaskerud & Halloran, 1980; 
Henly, Kallas, Klatt, & Swenson, 2003; Figure 1.2).  
 
Figure 1.2. Symptoms experience in time (SET) theory (Henly, Kallas, Klatt, & 
Swenson, 2003). In the model, PTDIQ = perception, timing, distress, intensity, quality; 
SUI = serious, unpleasant, inexplicable. Adapted from “The Notion of Time in Symptom 
Experiences,” by S. J. Henly et al., 2003, Nursing Research 52, p. 412. Copyright 2003 





Qualities of person, environment, and health describe the existent state of the 
individual at the time of the precipitating event (Henly et al., 2003). These 
metaparadigm concepts act as a filter and represent mediating factors through which the 
precipitating event passes. Naming the metaparadigm concepts explicitly connects the 
SET theory to the general perspective of the discipline of nursing (Henly et al., 2003). 
Symptom onset occurs as the impact of the precipitated event is mediated by person 
(strengths and vulnerabilities), environment (social and physical risks and supports), and 
health (clinical, adaptive, and social role performance; Smith, 1981).  
Based on these key principles, the SET model affords an excellent fit with 
concussion recognition, and supports a better understanding of the uniqueness of 
symptom presentation in concussed adolescent athletes. The SET model will be used as a 
conceptual framework/theoretical foundation of this study, focusing on its initial 
components of symptom onset, symptom experience and the process of cognitive 
evaluation and emotional response. 
Overall Significance 
In summary, concussion in the adolescent athlete is a substantial public health 
concern with potential long-term sequelae in multiple cognitive and functional domains. 
Yet the recognition of concussion is fraught with inconsistency and often based on 
measures that lack adequate psychometric support to utilize for return to play and return 
to learn decision-making in this age group. Three measurement categories seek to support 
or rule out a concussion injury: symptom assessment, neurocognitive testing, and balance 
evaluation.  However, no evidence can be found to endorse any one component as an 
independent marker of sports-related concussion (McCrea, Iverson, Echemendia, 
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Makdissi, & Raftery, 2013). Relying on any one measure for recognition, ongoing 
monitoring, and eventual clear to return to play, places inherent risk into this decision-
making as the functions assessed by each test recover at varying rates in each individual 
(Ellemburg et al., 2009; Guskiewicz, 2011; Guskiewicz & Register-Mihalik, 2011). 
Therefore, it is recommended that clinicians use a multi-faceted approach that includes a 
combination of measures to assess the most common effects of concussion: symptoms, 
impaired balance, and cognitive deficits (Echemendia et al., 2013, IOM & NRC, 2013). 
Although generally accepted as the current clinical standard of care, no study of model-
data fit has been conducted to confirm structure and construct validity of an empirically 
supported multi-modal approach that is recommended in the literature.  
Significance to the Discipline of Nursing 
The significance to the discipline of nursing is paramount to this investigation.  
Concussion incidence data are known to be inaccurate as many adolescents are seen in 
the primary care setting and are not included in high school sport or emergency 
department databases (Pleacher & Dexter, 2006). No reporting system currently exists to 
capture the diagnosis or management of adolescent sports-related concussions that are 
seen by primary care clinicians (Bakhos, 2010). As the need and autonomy of Nurse 
Practitioners continues to increase, especially in the primary care setting, it is nursing 
who should partner with other primary care providers to ensure that evidence-based 
assessment measures and decision-making guidelines are utilized to ensure the safety of 
the adolescent population. As a primary care Pediatric Nurse Practitioner, I hope to lead 
this interdisciplinary partnership that will encompass collaboration between primary care, 
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family medicine, emergency medicine, neuropsychology, and physical medicine & 
rehabilitation.   
Study Aims and Associated Research Questions 
To meet the overall goals of this study: a) to improve the ability to detect and 
manage sports-related concussion in the adolescent athlete and b) to provide additional 
support to the validity of ImPACT when applied to the adolescent athlete, multiple aims 
and related research questions were identified. 
This investigation sought, as its primary aim, to evaluate data fit to a proposed 
concussion measurement model using confirmatory factor analysis. Additionally, this 
investigation contained two secondary aims.  Each aim and the associated research 
question(s) are listed below. 
Primary aim. 
1. Examine model fit of an a priori 2-factor higher order model  
• Using CFA, will an a priori 2-factor higher order model composed of PCSS 
symptom self-report and ImPACT neurocognitive test results demonstrate 
adequate fit? 
• Will the CFA of the PCSS symptom self-report scores support the factor models 
reported in the literature? 
• Will the CFA of the ImPACT neurocognitive test results support the factor 







1. Examine the final model for differences within PCSS symptom self-report and 
ImPACT neurocognitive test results by age group, sex, BMI sport, identified 
comorbidities/past medical history and number of previous concussions?  
• What is the relationship of PCSS symptom report scores and/or ImPACT 
neurocognitive test results to age group, sex, BMI, sport, cognitive risk factors 
and number of previous concussions with or without LOC? 
2. Examine the ability of the two independent variables, PCSS symptom self-report and 
ImPACT neurocognitive test results, to predict the dependent variable: concussion). 
• What are the odds of the PCSS symptom self-report scores and/or ImPACT 
neurocognitive test results predicting concussion? 
Summary 
The content of this chapter summarized the scope and significance of adolescent 
concussion, provided a brief background and delineated current measurement tools that 
aid in its recognition. In addition, this chapter provided support for the need to further 
investigate methods that recognize the substantial public health concern of adolescent 
sports-related concussion and specified a theoretical framework from the discipline of 
nursing as a foundation to this study. It concluded with a summary of the overall 
significance of this work with attention to the discipline of nursing and identified the 









 Chapter II will present an extensive review of the salient literature related to the 
epidemiology of concussion across age groups and sports, and the relevance of 
biomechanics and proposed pathophysiology.  Defining concussion as “a complex 
pathophysiological process affecting the brain, induced by traumatic biochemical forces 
secondary to direct or indirect forces to the head” (McCrory et al., 2013, p. 251), a 
comprehensive summary of common concussion assessment measures (symptom self-
report, neuropsychological testing, and balance assessment), including their development, 
general description and related psychometric evidence, most specifically related to the 
adolescent athlete population, will follow. This chapter will conclude with a 
comprehensive description of the SET model in addition to the incorporation of 
individual characteristics/modifiers that are known to affect both symptom and 
neurocognitive test results in concussion presentations. 
Review of the Related Literature 
 
Epidemiology. 
 Recent concern in high profile sports regarding concussions and related outcomes 
have brought increased attention to sports-related concussions at all age and competition 
levels, deeming a closer look at incidence (IOM & NRC, 2013). According to the Centers 
for Disease Control and Prevention, concussion has been estimated to occur in 1.6 to 3.8 
million athletes in the United States on an annual basis, with a majority of these injuries 
occurring in pediatric and adolescent populations (Gilchrist, 2011). Of this number, 
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although assumedly underreported, it is estimated that the etiology of 300,000 
concussions annually are sports-related (Halstead, 2010; Marar, McIlvain, Fields, & 
Comstock, 2012).    
Of significance, an estimated 56% of all high school-aged students in the United 
States participate in some form of an organized sport, with the numbers growing every 
year (NFHS, 2013). This percentage represents a total of almost 8 million high school 
athletes (NFHS, 2013). With greater than a million playing football, the most commonly 
associated boys’ concussion sport, and greater than 800,000 playing girls soccer, the 
sport of highest incidence in this gender, the potential for concussions in the high school 
population is exceptionally elevated. Among individuals aged 15 to 24 years, sports are 
second only to motor vehicle accidents as the leading cause of concussions (Marar et al., 
2012).  
Despite this alarming incidence, actual numbers of concussion among youth 
athletes may be significantly higher due to lack of surveillance systems and 
underreporting, both intentional and unintentional (Cassidy et al., 2004; McCrea, 
Hammeke, & Olsen, 2004; Valvovich, McLeod, Schwartz, & Bay, 2007). It is postulated 
that large numbers of athletes do not seek formal sideline assessment or emergency 
treatment for concussion and therefore are not included in these conservative statistics 
(Gilchrist, 2011). A recent study found as many as 60% of high school athletes who 
sustained a concussion either during competition or practice, did not report their 
symptoms nor seek formal assessment post-injury, substantiating the concern related to 
underreporting (Register-Mihalik et al., 2013). 
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 Epidemiology related to gender and sport type is also somewhat limited by lack of 
surveillance systems and available data. However, some high schools do participate in the 
prospective surveillance program known as High School Reporting Information Online 
(RIO™).  High School RIO™ is the internet-based data collection tool used in the 
National High School Sports-Related Injury Surveillance Study. High School RIO™ 
captures athletic exposure (number of athlete practices and number of athlete 
competitions per week), injury (body site, diagnosis, severity, etc), and injury event 
(mechanism, activity, position/event, field/court location, etc) data weekly throughout the 
academic year using certified athletic trainers (ATCs) as data reporters (Colorado School 
of Public Health, 2014). Concussion rate data from this surveillance database are noted in 
Table 2.1 for girls’ and boys’ high school sports for both competition and practice (Marar 
et al., 2012).  
Highest rates of concussion during competition were noted in football, boys’ ice 
hockey, boys’ lacrosse, girls’ soccer, and girls’ lacrosse. Highest rates of concussion 
during practice mirrored these findings but also included boys’ wresting, girls’ field 
hockey, and girls’ cheerleading. This study emphasizes the prevalence of sports related 
concussions far beyond the commonly assumed sports of football and ice hockey. Boys’ 
and girls’ lacrosse, in addition to girls’ soccer reflect alarming concussion rates also.  Of 
further interest, the rate of concussion was higher in competition than in practice for all 










Concussion Rates among High School Athletes by Sport 
  Rates per 10,000 Athletic Exposures 
Sport  Competition Practice 
Football 22.9 3.1 
Boys’ ice hockey 14.6 1.1 
Boys’ lacrosse 10.4 1.1 
Girls’ soccer 9.2 0.8 
Girls’ lacrosse 8.6 1.3 
Girls’ basketball 5.5 0.6 
Boys’ soccer 5.3 0.4 
Boys’ wrestling 4.8 1.3 
Girls’ field hockey 4.1 1.4 
Boys’ basketball 3.9 0.6 
Girls’ softball 2.9 0.9 
Girls’ gymnastics 2.4 0.3 
Cheerleading 1.2 1.4 
Boys’ baseball 1.1 0.1 
Girls’ volleyball, swim/dive,  
track/field 
<1.0 <0.5 
Boys’ track/field. swim/dive <0.3 <0.2 
 
Note. Table organized by competition rates from highest to lowest. Adapted from 
“Epidemiology of concussions among United States high school athletes in 20 sports,” by 
M. Marar, N. M. McIlvain, S. K. Fields, & R. D. Comstock, 2012, American Journal of 
Sports Medicine, 40, p. 4. Copyright 2012 by the American Orthopaedic Society for 
Sports Medicine. 
 
Epidemiologic considerations related to age have a continued controversial 




controversy in both recognition and clinical management. The Kennard principle 
postulates that due to neuroplasticity, a young brain is more adaptive and protective  
against damage versus that of an older, adult brain (Kennard, 1936). However, more 
recent studies suggest that the developing brain of children and adolescents is actually 
more vulnerable to the effects of concussion as the total time to recovery is often  
protracted in high school athletes versus college athletes (Field et al., 2003; Giza et al., 
2001; Pellman, Lovell, Vianco, & Casson, 2006). What is known from the literature is 
that athletes of high school age report prolonged recoveries beyond the commonly 
accepted time of 7-10 days more frequently than athletes of college age. This finding 
suggests a possible age/development-related etiology for the varied recovery times 
(Gessel, Fields, Collins, Dick, & Comstock, 2007). 
In summary, certain athletes may be at greater risk of sustaining a sport-related 
concussion associated with a multitude of potential modifying factors.  These factors  
include age, gender, sport played, level of sport played, and equipment utilized. A 
systematic review completed by the American Academy of Neurology examined 
literature from 1955 to 2012 for pertinent evidence related to this risk (Giza et al., 2013). 
Based on a modified Grading of Recommendations Assessment, Development and  
Evaluation (GRADE) process (Guyatt, Oxman, Schunemann, Tugwell, & Knottnerus, 
2011) Giza et al. (2013) posed conclusions as summarized within Table 2.2. It’s 
important to note that despite the conclusions of the GRADE process, with Class I being  
a high recommendation, stating that further research is very unlikely to change 
confidence in the estimate of the effect; and Class IV being a very low recommendation, 
stating that any estimate of effect is very uncertain, a single study could be the only  
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Table 2.2  
 
Factors that May Affect Concussion Risk  
Factor Findings Level of 
Evidence 
Age IE Class I  
Level of Competition IE Class I 
Sex Highly probable that risk > females participating in 
soccer or basketball 
Class I and II 
Type of Sport Highly likely that risk > with American football and 
Australian rugby and < for baseball, softball, 
volleyball, and gymnastics 
Highly likely that soccer is the sport with the greatest 




Equipment Highly probable that headgear use has a protective 
effect in rugby 
There is no compelling evidence that mouth guards 
protect athletes from concussion 
Insufficient evidence to support or refute the efficacy 





Position Insufficient evidence to characterize risk by position 
in most major team sports, except in collegiate 
football, risk > among linebackers, offensive 
linemen, and defensive backs. 
Class I and II 
Body Checking in Ice 
Hockey 
Is likely to increase the risk Class I 
BMI BMI > 27 kg/m2 likely increases the risk  Class I and II 
Training Time Training time < 3 hours weekly likely increases the 
risk 
Class I and II 
History of concussion Highly probable risk factor for recurrent concussion 
and an increased risk for repeat concussion in the 
first 10 days after an initial concussion 
Class I and II 
 
Note. IE = Insufficient Evidence. GRADE recommendations range from Class I = high recommendation, 
stating that further research is very unlikely to change confidence in the estimate of the effect to Class IV = 
a very low recommendation, stating that any estimate of effect is very uncertain. BMI = Body Mass Index. 
Adapted from “Summary of evidence-based guideline update: Evaluation and management of concussion 
in sports: Report of the Guideline Development Subcommittee of the American Academy of Neurology,” 




support for their evaluation of concussion risk related to these factors. In addition, one 
cannot generalize the findings across all age groups as the study populations often 
contained small samples and/or limited age groups. 
Biomechanical considerations and pathophysiology. 
 To describe the effects of concussive injury in populations across the lifespan, it’s 
important to identify concerns related to biomechanical differences between the injured  
adult and youth.  The biomechanical differences, induced by factors such as age and 
developmental level, brain water content, cerebral blood level, degree of myelination, 
skull shape, cervical neck strength, and relative size of head compared to the rest of the 
body contribute to varied outcomes between age populations (Goldsmith & Plunkett, 
2004; McCrory, Collie, Anderson, & Davis, 2004). Some findings indicate protective 
properties for younger populations related to these factors, while others identify increased 
risk for both concussive injury and severity (Broglio et al., 2010; Goldsmith & Plunkett, 
2004; McCrory et al., 2004). Despite these puzzling mixed findings, what is known is 
that children behave very differently than adults, and the understanding of biomechanics 
between groups is important when considering diagnostic and management measures 
related to clinical decision-making as they apply to return to play and return to learn 
(Guskiewicz & Mihalik, 2011).  
The pathophysiology theory of concussion is also controversial. However, it can 
generally be explained by combining the above biomechanical components with the 
primary mechanism of injury: acceleration-deceleration and rotational forces imposed on 
the brain. The force imposed on the brain produces a complex pathophysiologic cascade, 
presumed to underlie known clinical symptoms (Denny-Brown & Russell, 1941). In 
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summary, neurometabolic and neurochemical changes after a concussive injury include 
abrupt neuronal depolarization, release of excessive excitatory neurotransmitters, ionic 
shifts, altered glucose metabolism and cerebral blood flow, and impaired axonal function 
(Giza & Hovda, 2001; Hovda, Lee, & Smith, 1995). Further complicating the cascade of 
cellular, metabolic, and axonal changes that follow a concussive brain injury are the 
potential ramifications of these disruptions, even if temporary, on the developing brain 
(Fineman, Giza, Nahed, Lee, & Hovda, 2000; Iverson, Lange, Gaetz, & Zasler, 2007).  
 As one considers the impact of both biomechanical and pathophysiologic 
processes in concussive injury, it is important to note that a large proportion of the data is 
derived from animal models and/or constructed human skull models, so the level of 
applicability to human concussive injury in not fully validated or understood. 
Concussion assessment. 
This section will discuss commonly utilized measures of concussion assessment.  
Psychometric features of measures will also be summarized.  A summary of relevant 
psychometric terms and their definitions are contained in Table 2.3. 
Self-report symptom scales and related psychometrics. 
Evaluation of a concussed individual’s symptoms is considered a key component 
of post injury assessment. As concussion injury is generally regarded as a functional 
disturbance vs. a structural injury, usually without abnormalities noted on standard 
neuroimaging, the symptoms are a major component of concussion assessment at this 
time in concussion science. These symptoms most likely reflect the metabolic  
 24	  
	  
Table 2.3  
Definition of Relevant Psychometric Terms  
Psychometric Term                  Definition 
Test-retest reliability Whether scores on a specific measure/battery are stable 





Whether the test/battery measures what it infers/intends to 
measure 
The degree of consistency or dependability with which an 
instrument measures an attribute 
Sensitivity Probability of a positive test result, given the presence of a 
particular diagnosis/deficit 




A measure of the usefulness of a screening/diagnostic test 




 A measure of the usefulness of a screening/diagnostic test 




Method of determining that a change in test performance is 
not due to error or normal variation 
Practice effects Improvement in test performance as a result of previous 
exposure to the test 
 
Note: Adapted from Kirkwood et al., 2012; and Nursing Research: Generating and 
assessing evidence for nursing practice (9th ed.), p. 266 by D. F. Polit and C. Tatano 
Beck, 2008, Philadelphia: Wolters Kluwer/Lippincott Williams & Wilkins. Copyright 
2008 by Wolters Kluwer Health/Lippincott Williams & Wilkins. 
 
dysfunction that results from impaired energy and glucose regulation (Giza & Hovda,  
 
2001).  
 The use of symptoms as a measure of an individual’s effects following a head 
injury has a long history. Meyer was among the first to describe the symptoms associated 
with closed head injury in 1904 (Meyer, 1904).  Later, Denny-Brown (1945) in a seminal 
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paper, classified the symptoms as those due to structural injury, psychiatric complaints, 
symptoms of change in personality and complaints of uncertain or variable origin. 
Specific to concussion symptom research, King and colleagues determined 16 symptoms 
that were correlated with this type of brain injury (King, Crawford, & Wenden, 1995). 
Lovell & Collins first introduced symptom documentation in sport concussion in 1998, 
identifying 22 symptoms and providing the foundation for the development of numerous 
checklists presently in use (Lovell & Collins, 1998). These symptoms, still current today, 
include: headache, nausea, vomiting, balance problems, dizziness, fatigue, trouble falling 
asleep, sleeping more than usual, drowsiness, sensitivity to light, sensitivity to noise, 
irritability, sadness, nervousness, feeling more emotional, numbness or tingling, feeling 
slowed down, feeling mentally foggy, difficulty concentrating, difficulty remembering, 
and visual problems (Lovell & Collins, 1998).   
 Evaluation of an athlete’s symptoms is considered an essential component of any 
concussion assessment. Research continues to focus on developing and validating 
measures to assess and monitor these symptoms. As the component of symptom-free 
status prior to returning to play is included in most current concussion guidelines and 
protocols, attention to psychometric evidence is important to the clinician’s decision-
making.  
A plethora of self-report symptom scales/checklists is available for use in the 
adolescent athlete at this time. Table 2.4 contains a summary of these checklists and 
related psychometrics. These symptom checklists have been either adapted or empirically 
developed for use in the assessment of concussion in the adolescent population and 
include: The Graded Symptom Scale/ Graded Symptom Checklist (GSS/ GSC; Mailer, 
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Valvovich-McLeod, & Bay, 2008); Concussion Symptom Inventory (CSI; Randolph et 
al., 2009); Rivermead Post Concussion Symptoms Questionnaire (King, Crawford, 
Wenden, Moss, & Wade, 1995); The Acute Concussion Evaluation (ACE; Gioia, Collins, 
& Isquith, 2008); the Post-Concussion Symptom Inventory (PCSI; Gioa, Janusz, Isquith, 
& Vincent, 2003); Health & Behavior Inventory (HBI; Ayr, et al., 2009); and the Post-
Concussion Symptom Scale (PCSS; Lovell & Collins, 1998).  
The athlete generally completes these scales/checklists with each symptom rated 
using a Likert scale (e.g., 0 is “not experiencing” and 6 is “most severe”) (Valvovich 
McLeod, & Leach, 2012). Despite the popularity and sensitivity of checklists to adult 
concussion symptoms, research is just beginning to explore the use of these measures in 
youth athletes (Gioia, Schneider, Vaughan, & Isquith, 2009). Reasonable evidence to 
support the validity of the scales exists, although data related to their reliability is limited 
and additional research is needed, most especially in the adolescent and younger 
populations (Gioia et al., 2009; Janusz, Sady, & Gioia, 2012).  
Several key issues were identified when reviewing the development and 
psychometrics of the most commonly utilized symptom tools. First, no symptom scales 
were supported by a complete set of published psychometric properties, including item 
selection, reliability, and validity, specificity and sensitivity, and change scores. In 
summary, the reliability (internal and test-retest) was most frequently reported. However, 
the majority of statistical properties appeared to have followed the use of the checklists 
rather than driven their development. Another issue revealed by this review is the limited 












examined combined high school and college samples, yet research has found clinically 
significant differences between these age groups (Field, Collins, Lovell, & Maroon, 
2003).  
Of the various symptom checklists noted, the PCSS (Lovell & Collins, 1998) will 
be further discussed, as it is the focus of this study. The current investigation will utilize 
the PCSS as the measure of self-report symptoms in adolescents for two important 
reasons: a) it is the most commonly utilized concussion symptom scale in the adolescent 
athlete population; and, b) psychometric results exist for this measure, providing the 
opportunity to complete additional testing within this study.   
 The PCSS was developed in the late 1980s within the context of the Pittsburgh 
Steelers concussion management program and is a theoretically driven scale (Lovell et 
al., 2010). Variants of this scale have been formally adopted by the NFL (Lovell, 1966), 
National Hockey League (Lovell & Burke, 2002; Lovell, Echemendia, & Burke, 2004), 
and by numerous colleges and high schools.  The PCSS is 22-item self-report measure. 
Scale items were chosen based on the authors’ experience with both professional and 
amateur athletes, with items worded to reflect the language of the players rather than 
medical terminology. Symptoms are rated on a 7-point Guttmann severity scale, from 0, 
“no symptom,” to 6, “severe symptom” (Lovell et al., 2006). 
Appealing qualities of the PCSS include a reasonable presence of psychometric 
evidence, in addition to its utility as a component of the most popular computer-based 
concussion assessment program, Immediate Post-Concussion Assessment and Cognitive 
Testing (ImPACT; Lovell et al., 2006). Of interest to the adolescent focus of this study, 
the majority of the PCSS pediatric studies represent high school athletes (Collins et al., 
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2003; Field et al., 2003; Iverson, Lovell, & Collins, 2003; Lau, Collins, & Lovell, 2011; 
Lovell et al., 2006; McClincy, Lovell, Pardini, Collins, & Spore, 2006; Schatz, Pardini, 
Lovell, Collins, & Podell, 2006; Van Kampen, Lovell, Pardini, Collins, & Fu, 2006).  
The PCSS has demonstrated high internal consistency in normal samples 
(Cronbach alpha = .89-.94) and concussed samples (alpha = .92-.93; Lovell et al., 2006), 
as well as acceptable test-retest reliability (r = .65; Iverson & Goetz, 2004). Differences 
were noted between groups of concussed and nonconcussed samples (convergent and 
divergent validity), with the concussed group reporting more symptoms (Field et al., 
2003; Iverson et al., 2003; Kontos et al., 2012; Lovell et al. 2006). In assessing change 
over time, several studies applied reliable change index metrics.  Van Kampen and 
colleagues (2006) found that 64% of the concussed sample at day 2-post injury 
demonstrated an increase in symptoms scores that exceeded reliable change expectations, 
compared to only 9% of the control sample. Iverson et al. (2003) provided reliable 
change estimates for the PCSS, with a decline or improvement of 10 points significant. 
Schatz, Pardini, Lovell & Collins (2006) explored the sensitivity and specificity 
(diagnostic utility) of the PCSS when used in conjunction with ImPACT scores, showing 
sensitivity of 81.9% and specificity of 89.4%. However, when used alone, the PCSS had 
sensitivity of 40.8% and specificity of 79.3%. More recent work completed by Lau et al. 
(2011) found increased sensitivity and specificity when using the PCSS in conjunction 
with neurocognitive testing. When used alone, the PCSS had a sensitivity of 40.8% and 
specificity of 79.3% in predicting recovery, defined as taking greater than 14 days to 
recover. When combined with ImPACT variables sensitivity increased to 65.2%, whereas 
specificity remained essentially unchanged (Janusz, Sady, & Gioa, 2012). 
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Although early work in symptom identification provided the foundation for 
concussion recognition, exploratory factor analysis statistical methods have since been 
used to better inform the clinical assessment and management of concussions by 
improving organization and grouping of symptoms (Herrmann, et al., 2009; Kontos, et 
al., 2012; Pardini et al., 2004). The uses of concussion symptom factors, which include 
similar individual symptoms, provide targeted information regarding symptom clusters 
and potential focused treatment approaches. Original factor analysis studies, limited by 
inclusion of only healthy or concussed subjects, nonindependent sampling methods, and 
lack of consideration for age and gender differences, have generally loaded symptoms 
into four post-concussion symptom clusters: neuropsychiatric, cognitive, migraine 
(physical), and sleep disturbance (Table 2.5; Hermann et al., 2009; Pardini et al., 2004). 
Pardini et al. (2004) completed the original exploratory factor analysis on the PCSS (n = 
327 concussed athletes). Athletes were tested within 7 days of injury. Results suggested a 
four-factor solution containing a 7-item cognitive factor, a 2-item sleep factor, a 4-item 
emotion factor, and an 8-item somatic factor. Internal consistency values were acceptable 
for items within the factors: ∝ = .89, .79, .78, and .87 respectively (Table 2.4). However, 
additional details, such as participant demographics or variances accounted for, were not 
reported as this study was published only in abstract format.  
A more recently published exploratory factor analysis involved a large 
independent sample of both baseline (N = 30,455) and post-concussed (n = 1438) 
participants who completed the Post-Concussion Symptom Scale (PCSS). This study 
applied EFA to 2 separate samples of athletes who completed the PCSS at baseline (N = 
30,455) and 1 to 7 days after a sport-related concussion (n = 1438). The baseline sample  
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Table 2.5  
 
Pardini Factor Analysis of Post-Concussion Symptom Scale (PCSS) 
Neuropsychiatric 
Factor 
Cognitive Factor Sleep Factor Migraine Factor 







Sleeping less than 
usual 
Visual problems 
Nervousness “Fogginess”  Dizziness 





Note. Adapted from “The Post Concussion Symptom Scale (PCSS): A factor analysis,” 
by J. Pardini, J. Stump, M. R. Lovell, M. W. Collins, K. Moritz, & F. Fu, 2004, British 
Journal of Sports Medicine, 38, p. 662. Copyright 2004 by the British Medical Journal 
Publishing Group Ltd. 
 
(mean ± standard deviation) was 15.74 ± 1.78 years, with a range of 13 to 22 years, and 
the postconcussion sample was 17.14 ± 2.25 years, with a range of 13 to 24 years. The 
post-concussion sample contained 944 (65.6%) participants at high school level and 494 
(34.4%) at collegiate level. There were 477 (33.2%) female participants and 961 (66.8%) 
male participants.  Regarding the sport of the athlete, data revealed the highest numbers 
were represented by football (42.4%), soccer (18.3%), and basketball (6.2%). 
In the concussed participants, finding of this study showed a varying 4-factor 
solution versus the results of Pardini et al., 2004):  cognitive-migraine-fatigue, affective, 
somatic, and sleep, accounting for 58.3% of the variance (Kontos et al., 2012; Table 2.6). 
In addition, the findings revealed an aggregate of symptoms into a “global concussion 
factor” post-concussion, accounting for 40% of the total variance.  This global factor 
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included cognitive, fatigue, and migraine symptoms. Specifically the factor included the 
symptoms of: headache, nausea, balance, dizziness, fatigue, sleeping more than usual, 
drowsiness, sensitivity to light, sensitivity to noise, feeling slowed down, mentally foggy, 
difficulty concentrating, and difficulty remembering, all loading moderate to strong at .5 
or greater (Kontos et al., 2012). The following symptoms:  nausea, balance problems, 
sleeping more than usual, irritability, and vision problems were excluded from the 
analysis due to low primary factory loadings or high cross-loadings with a difference 
between primary loadings and cross-loadings of < .2. 
As previously stated, the goal of this investigation was to identify and test a 
concussion recognition model supported by current research and empirical evidence. 
Concussion symptom assessment is just one component of this standard of care and an 
important element of a concussion recognition model.  
Neuropsychological testing and related psychometrics. 
Early neuropsychological literature has documented several specific areas of 
typical cognitive deficit after traumatic brain injury. Deficits showing the most significant 
losses include the areas of processing speed, attention, and memory (Barth et al., 1983; 
Barth et al., 1989; Collins et al., 2003; Guskiewicz, Ross, & Marshall, 2001; Lovell et al., 
2003; Maddocks, Dicker, & Saling, 1995). 
Jeffrey Barth and his colleagues are generally credited with the initial application 
of neuropsychological testing in sports-related concussion (Barth et al., 1989; 
Macciocchi, Barth, Alves, Rimel, & Jane, 1996). Since that time, neuropsychological 
testing has evolved into a common component of professional, collegiate and high school 
athlete concussion programs. Neuropsychological testing was described as an important  
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Table 2.6  
 


















Headache Sadness Difficulty falling 
asleep 
Vomiting 
Dizziness Nervousness Sleeping less than 
usual 
Numbness 
Fatigue More emotional   
Drowsiness    
Sensitivity to light    
Sensitivity to noise    
Feeling slowed 
down 
   
Mentally foggy    
Difficulty 
concentrating 
   
Difficulty 
remembering 
   
Note. Variance accounted for = 58.3. Five factors did not load due to low primary factor 
loadings (< .5), or high cross-loadings (> .4), with a difference between primary and 
cross-loadings of < .2. Adapted from “,” by A. P. Kontos et al., 2012, The American 
Journal of Sports Medicine, 40, p.  Copyright 2012 by the American Orthopaedic Society 
for Sports Medicine. 
 
“cornerstone” of concussion management since the 1st International Conference on 
Concussion in Sport (Aubry et al., 2001). At the most recent 4th International Conference 
on Concussion in Sport, the application of neurocognitive testing in concussion is still 
regarded as clinically valuable and noted to contribute significant information to 
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concussion evaluation (McCrory et al., 2013). This component of concussion recognition 
and management has been instituted in professional sports, universities, high schools, and 
youth sports concussion programs across the world and is an element of many position 
and consensus statements (Giza et al., 2013; Halstead & Walter, 2010; Lovell et al., 
2004; McCrory et al., 2013). However, just as in symptom assessment, 
neuropsychological testing should not be used as a single mode to evaluate, manage, or 
make return-to-play decisions related to concussion (Echemendia et al., 2013). 
Neuropsychological tests are regarded as one measurement of concussion and only a part 
of an overall assessment of the individual athlete’s concussion injury.  
In the past, clinicians have administered the neuropsychological tests per paper 
and pencil method.  More recently, several computer-based tests (web- and/or windows-
based) have been developed, including CogSport (CogState Ltd, Melbourne, Victoria, 
Australia), Concussion Resolution Index (HeadMinder, Inc, New York, NY), and 
ImPACT (ImPACT Applications, Inc., Pittsburgh, PA) and are used almost exclusively 
in many sports settings. These tests are summarized, along with their related 
psychometrics in Table 2.7. The advantages of the computer-based assessments include 
ease of administration, rapid scoring, and increased test-retest reliability secondary to 
standardized administration and scoring (Collie, Maruff, McStephen, & Darby, 2003).  
However, in 2010, Comper and colleagues published a systematic review that 
concluded that the methodological quality of studies that used neuropsychological tests 
were highly variable (Comper et al., 2010). This variability has raised similar questions 
by a number of researchers and has pointed to the need for additional validation studies 
for computer-based batteries (Randolph, McCrea, & Barr, 2005; Schatz & Zillmer, 2003). 
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Table 2.7 substantiates this same concern, as limited peer-reviewed studies are available 
to support validity, reliability, and clinical utility, especially in the adolescent age group. 
Despite these overall concerns, the use of neuropsychological testing in sports has 
continued to proliferate among youth and professional teams across the world (IOM & 
NRC, 2013).  
Of all available testing platforms, ImPACT is the most widely used computer-
based neuropsychological test battery, providing testing services to over 700 professional 
and amateur teams across the world, including the National Hockey League (NHL), the 
NFL, the National Basketball Association (NBA), Major League Soccer (MLS), and 
many United States Olympic teams (ImPACT, 2013). ImPACT was specifically 
developed for identifying and managing concussion in athletes and takes approximately 
20-25 minutes to administer. Due to its computer and web-based platform, ImPACT can 
be administered by nonmedical personnel, and utilizes randomization procedures within 
the software to allow for data clarification related to practice effects and normal test 
variability over time (ImPACT, 2013).  
This study will utilize the neurocognitive tests contained within ImPACT as the 
measure of neurocognitive effects.  This tool was chosen for two reasons: a) it is the most 
commonly utilized neurocognitive test in the adolescent athlete population, and b) 
psychometric results exist for this measure, providing the opportunity to complete 
additional testing.  
ImPACT measures attention, working memory, processing speed, response 
variability, and nonverbal problem solving, assessing deficits in many areas of 









includes six test modules that provide five composite scores: verbal memory, visual 
memory, reaction time, processing speed, and impulse control (Iverson et al., 2003; Table 
2.8) The Verbal Memory composite is presented in terms of percentage correct and is 
comprised of scores on the Word Memory, Symbol Match and Three Letters task. The 
Visual Memory composite is the average of percentage correct on Design Memory and 
X's and O's. The Visual Motor Speed composite stems from the weighted average of 
interference tasks (X's and O's and Three Letters interference tasks). The Reaction Time 
composite is the average of the following scores: average correct response time in 
milliseconds on the X's and O's interference task, average Symbol Match correct reaction 
time divided by three and average correct reaction time on Color Match. Finally, the  
Impulse Control composite is comprised of the total number of errors during the X's and 
O's interference task and the total number of commissions on Color Match; this 
composite is used as an index to assess validity/effort (Allen & Gfeller, 2011). It is 
important to note that in younger athletes, neuropsychological testing results must be 
considered in the context of ongoing brain maturation and development. Rapid brain 
development, known to occur in adolescence, may affect neuropsychological 
performance and yield erroneous interpretations without developmentally equivalent self- 
or normed-controls (Buzzini & Guskiewicz, 2006; McCrory, Collie, Anderson, & Davis, 
2004).  Although it has been standard for athletes to complete baseline testing prior to 
injury to serve as a source of individual comparison, ImPACT has completed norming for 
all age groups to be utilized for decision-making related to athletes who did not complete 




Table 2.8  
 
ImPACT Composite Scores  
Composite How Calculated 
Verbal Memory Composite Average of: 
− (Word Memory-Total Percent Correct) 
− (Symbol Match-Total Correct/Hidden)/9 x 
100 
− (Three Letters-Total Percent Correct) 
Visual Memory Composite Average of: 
− (Design Memory-Total Percent Correct) 






− (X’s and O’s-Total Correct/Interference)/4 
− (Three Letters-Average Counted Correctly) x 
3 
Reaction Time Composite Average of: 
− (X’s and O’s-Average Correct Reaction 
Time Interference) 
− (Symbol Match-Average Correct Reaction 
Time/Visible)/3 
− (Color Match-Average Correct Reaction 
Time) 
Impulse Control Composite Sum of: 
− (X’s and O’s – Total Incorrect/Interference) 
− (Color Match-Total Commissions) 
Note. Adapted from ImPACT, http://www.impacttest.com; “Sensitivity and specificity of 
the ImPACT test battery for concussion in athletes,” by P. Schatz, J. E. Pardini, M. R. 
Lovell, & M. W. Collins, 2006, Archives of Clinical Neuropsychology, 21, p. 93.  
Copyright 2006 by the National Academy of Neuropsychology. 
 
In regards to psychometric results, ImPACT internal consistency was found at .88 
to .94 (Lovell et al., 2006). Using reliable change indices, repeated administrations over a 
2-week period revealed no practice effects. (Iverson, Collins, & Norwig, 2002). In 
another study, Iverson Lovell & Collins (2005) reported 1-week test-retest reliability 
coefficients for the composite scores as follows: 0.70 for verbal memory, .67 for visual 
memory, .79 for reaction time, and .86 for processing speed; within subject comparisons 
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that revealed significant test-retest differences for only the processing speed composite 
scores. Additional studies report broad ranges of intraclass correlations (ICCs) ranging 
from .23 to .85 in high school athletes (Broglio et al., 2007; Elbin et al., 2011; Register-
Mihalik et al., 2013).  ICCs have become the preferred measure as it a type of interrater 
reliability. However, there is no agreement on the minimum ICC value that is considered 
‘acceptable’ for computerized neuropsychological tests. Some authors find a minimum 
correlation of .60-.70 to be acceptable (e.g., Baumgartner & Chung, 2001; Weir, 2005), 
while others employ a higher minimum standard of .70 (e.g., Anastasi & Urbina, 2007) 
and still others may consider .80 or .90 to be the mark of a good, reproducible computer-
based test.  
Schatz, Pardini, Lovell, Collins, and Podell (2006) documented a combined 
sensitivity of 81.9% for ImPACT indices and total symptom score, and a specificity of 
89.4%; positive likelihood ratio was approximately 8:1; and negative likelihood ratio was 
2:1. Construct and concurrent validity of ImPACT was examined by a factor analysis 
study in 2011 of college participants (Allen & Gfeller, 2011).  A five-factor 
neurocognitive solution explaining 69% of the variance was found with the ImPACT 
battery. The ImPACT factor analysis resulted in components characterized by labels of 
forced choice efficiency, verbal and visual memory, inhibitory cognitive abilities, visual 
processing ability (including an element of memory) and a factor with only one loading 
from the Color Match Total Commissions score. Although the first four factors appear to 
assess constructs important to examine in sports-related concussion, it is worth noting 
that the factor structure did not closely correspond to the constellation of ImPACT 
composites developed by the authors of the test (Allen & Gfeller, 2011). For example, a 
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differentiation between verbal and visual memory was not evident. The fact that the word 
memory tasks are presented as words on a screen (i.e. visual stimuli) may partially 
explain this discrepancy.  The disparities observed between the current ImPACT 
composites and the factors observed in this analysis suggest that further research is 
needed to examine the ImPACT factor structure (Allen & Gfeller, 2011).  
Most recently, Schatz & Maerlander (2013) completed a CFA examining the two-
factor structure of ImPACT using composite scores and documenting the reliability and 
validity of this factor structure. Using baseline (N=21,537) and post-concussion data 
(N=560), a 2-factor solution was found comprised of Memory (Verbal and Visual) and 
Speed (Visual Motor Speed and Reaction Time).  Despite their report of a CFA, model 
fits nor an illustrated model was reported.  However, within the concussed sample, the 
Speed factor accounted for 37.8% of the variance and Memory for 34.7% of the variance.  
A total variance of 72.5% was reported. Additionally stepwise discriminant analysis was 
performed on the sensitivity of Memory and Speed scores.  Sensitivity was noted as 89%, 
in comparison with 91% using ImPACT subscales and 80% using ImPACT composite 
scores, as published in Schatz & Sandel, 2012). The specificity of Memory and Speed 
Factor scores in discriminating between concussed and non-concussed athletes was 70% 
in comparison with 69% using ImPACT subscales, as published in Schatz & Sandel, 
2012 and 62% using ImPACT composite scores.  
Of interest to neurocognitive testing, and to concussion recognition as a whole, is 
the finding that injured athletes who no longer report symptoms demonstrate worse 
performance on neurocognitive measures than uninjured controls, suggesting there may 
be subtle deficits beyond the reported symptoms (Fazio, Lovell, Pardini, & Collins, 
 44	  
	  
2004). This discovery supports the current recommendation suggesting the use of a multi-
dimensional concussion assessment related to the complex, individualized and unknown 
overall effects of this head injury. Neuropsychological assessment should be seen as an 
aid to the clinical decision-making process in conjunction with assessments that evaluate 
other known effects of concussion: self-reported symptoms and postural stability.  
Postural stability assessment. 
Although not quantitatively measured in most concussed adolescents, nor is it 
formally connected to ImPACT results at this time, postural stability is contained within 
this review of literature for purposes of comprehensiveness. As postural stability is a 
suggested component of multidimensional concussion assessment, its inclusion in the 
review of literature provides necessary background for the rationale of its overall role in a 
comprehensive concussion assessment and management plan (Stewart et al., 2012). 
However, the proposed measurement model of this investigation does not include this 
component of concussion assessment. 
The maintenance of postural stability, or balance, requires an intact and integrated 
central nervous system.  Balance, defined as the process of maintaining one’s center of 
gravity within the support, is controlled through a hierarchy that includes the cerebral 
cortex, cerebellum, basal ganglia, brain stem, and spinal cord and requires the functioning 
of both sensory and motor processes (Guyton & Hall, 2010). Self-reported symptoms 
such as dizziness, lightheadedness, blurred vision, and/or photophobia likely relates to 
dysfunction from the central integration of the three sensory systems: visual, vestibular, 
and somatosensory (Guskiewicz, 2011). This dysfunction affects the patient’s perception 
of sensory cues, causing measurable issues related to balance.  
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Disturbances related to postural stability have been investigated primarily in 
concussed collegiate athletes at this time.  These studies found transient impairments in 
balance lasting between 3 and 10 days post-injury (Cavanaugh et al., 2005; Guskiewicz, 
Perrin, & Gansneder, 1996; Guskiewicz, Ross, & Marshall, 2001; McCrea et al., 2003). 
More recent studies have corroborated these findings and the assessment of postural 
stability is now a common measure in concussion evaluation as evidenced by the 
inclusion in youth concussion guidelines, position statements and programs (Covassin, 
Elbin, & Sarmiento, 2012; McCrory et al., 2013).   
The assessment of postural stability can be completed using a variety of 
techniques and tools.  Balance can be assessed under static conditions, dynamic 
conditions (e.g., unstable surface, moving platform), or by completion of functional tasks. 
Of the available options, some assessments require sophisticated equipment and trained 
clinicians, while others are less complex and can be completed by minimally trained non-
medical responders. Despite the availability of a broad variety of existing balance 
techniques and tools, the current concussion assessment clinical standard is the Balance 
Error Scoring System (BESS) as required equipment and cost is minimal. In addition 
procedure and interpretation simplicity is noted as compared to other existing more 
complex measures (Guskiewiz, 2011; Riemann, Guskiewicz, & Shields, 1999). The 
BESS is comprised of a series of clinical balance tests that progressively challenge the 
sensory systems through variations in stance and surface, scoring the athlete based on 
established errors (Riemann & Guskiewicz, 2000). The BESS requires minimal 
equipment, is portable, and has been demonstrated as useful and cost-effective as a 
technique to evaluate postural stability alterations following concussion. 
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Considerable research has been conducted to examine the BESS. In studies 
following concussion, participants were noted to exhibit acute postural stability 
alterations up to 5 days post-injury (Guskiewicz, Ross, & Marshall, 2001; Riemann & 
Guskiewicz, 2000) with recovery usually occurring within 4 to 7 days post-injury to pre-
injury baseline values. Although the BESS appears to be sensitive to subtle deficits 
following concussion, it has several concerns. A recent study found that administration of 
multiple trials of the BESS results in practice effects, with the number of errors 
decreasing with each consecutive trial (Valvovich et al., 2003). Further, the effects of 
fatigue increase the number of errors acutely, although the athlete recovered after 20 
minutes of rest following an exercise session (Susco et al., 2004).  
In regards to psychometric results, Broglio et al. (2008) has shown test-retest 
reliability of .64, not clinically acceptable for return-to-play decision-making. No other 
psychometric results have been published.  
As other concussion-related assessment measures, postural stability is not to be 
utilized as a single mode for the recognition or management of concussion, but part of a 
multisystem approach (Valvovich et al., 2012). Postural stability testing provides useful 
data for the objective assessment of the motor domain of neurologic functioning when 
combined with other valid and reliable measures of self-reported symptoms and 
neuropsychological testing (McCrory et al., 2009). As technology related to the 
quantitative measure of postural stability continues to develop, this measure may play an 






The Symptoms Experience in Time (SET) model affords a suitable fit with 
concussion recognition, and supports a better understanding of the uniqueness of 
symptom presentation in concussed adolescent athletes. As recent studies have 
contributed to concussion symptom knowledge by identifying modifiers that affect 
concussion symptom number, duration, and severity, the concepts of the nursing 
metaparadigm offer the appropriate application of these modifiers to symptom 
experience.  
These modifiers include genetics, age, number and proximity of previous 
concussions, psychoactive and anticoagulant medications, dangerous style of play, high-
risk and high collision sport, and presence of various comorbidities such as migraine, 
depression, attention deficit hyperactivity disorder, learning disabilities, and sleep 
disorders. (Asplund, McKeag, & Olsen, 2004; Chrisman, Rivara, Schiff, Zhou, & 
Comstock, 2013; Collins et al., 2003; Eisenberg, Meehan, & Mannix, 2013; Erlanger et 
al., 2003; Garden & Sullivan, 2010; Makdissi et al., 2013; McLean et al., 2009; Moser, 
Schatz, & Jordan, 2005; Roe, Sveen, Alvsaker, & Bautz-Holter, 2013; Schatz, Moser, 
Covassin, & Karpf, 2011; Terrell et al., 2013). Although the literature does not use the 
familiar nomenclature of the nursing paradigm: person, health, and environment, these 
symptom modifiers can be appropriately fit into a theoretical framework of concussion 
recognition that incorporates these paradigm concepts.  
The SET was developed by researchers at the University of Minnesota (Henly et 
al., 2003). This symptom experience model incorporates elements of various other 
symptom models utilized in nursing: Theory of Symptom Management (TSM; 
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Humphreys et al., 1999), Theory of Unpleasant Symptoms (TUS; Hutchinson & Wilson, 
1998), and the Chronotherapeutic Intervention Theory for Postsurgical Pain (CIPP; Henly 
et al., 2003).  As compared to other models, the SET utilizes the metaparadigm concepts 
of person, health, and environment as antecedents to symptom onset in an addition to the 
precipitating event. The onset of symptoms occurs and the experience is evaluated by an 
individual in terms of perception, timing, distress, intensity, and quality (PTDIQ). 
Symptom appraisal follows through the application of cognitive evaluation and emotional 
response.  
Specific to this investigation, the identified antecedents of precipitating event and 
concepts of person, health, and environment, in addition to the symptom onset and 
symptom experience components of the SET model are contributory to the recognition of 
concussion and provide an excellent theoretical foundation to this study. As this 
investigation is specific to concussion recognition using the premise of symptoms 
reflective of concussion, the remainder of the SET model is outside the scope of this 
study.  
Summary 
This chapter presented an extensive review of the salient literature related to the 
epidemiology of concussion across age groups and sports, and the relevance of 
biomechanics and proposed pathophysiology.  A comprehensive summary of common 
concussion assessment measures (symptom self-report, neuropsychological testing, and 
postural stability assessment), including their development, general description and 
related psychometric evidence, most specifically related to the adolescent athlete 
population, followed. This chapter concluded with a comprehensive description of the 
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SET model in addition to the incorporation of individual characteristics/modifiers that are 










 This chapter will first discuss the existing dataset that was used in this 
investigation and the procedures used to initially obtain the data. In describing the data 
source, the instruments and general demographic characteristics will be summarized. The 
sample, with attention to power analysis and research aims, will then be presented, noting 
inclusion and exclusion criteria in addition to an algorithm that summarizes subsampling. 
The final portion of this chapter will outline the specific statistical analyses (confirmatory 
factor analysis [CFA], hierarchical multiple regression [HMR], and Logistic Regression 
[LR]) that will be utilized to appropriately address the research questions of this 
investigation:   
• Using CFA, will an a priori 2-factor higher order model composed of PCSS 
symptom self-report and ImPACT neurocognitive test results demonstrate 
adequate fit? 
• Will the CFA of PCSS symptom self-report scores support factor models reported 
in the literature? 
• Will the CFA of the ImPACT neurocognitive test results support models reported 
in the literature? 
• What is the relationship of PCSS symptom self-report scores and/or ImPACT 
neurocognitive test results to age group, sex, BMI, sport, identified cognitive risk 
factors and number of previous concussions with and without LOC? 
• What are the odds of the PCSS symptom self-report scores and/or ImPACT 
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neurocognitive test results predicting concussion? 
Sample Selection 
The use of existing datasets, defined as “data that are examined to answer a 
research question other than the question(s) for which the data were initially collected” 
(Vartanian, 2011, p. 3) affords significant opportunity for the generation and 
dissemination of nursing knowledge. Advantages of secondary analysis of an existing 
dataset include noteworthy savings in both time and money as study design and data 
collection has already been completed. Amidst the current restricted funding arena, the 
financial savings alone make this an attractive option to novice and experienced 
researchers. Also, data may be of higher quality if the primary data collection was 
completed by an experienced researcher and/or supported by high-level funding. Finally, 
many existing datasets, such as the one utilized in this investigation, contain considerable 
breadth representing thousands of variables that another researcher may not be able to 
collect. It is for these reasons, in addition to the mentoring and collaborative spirit of the 
dataset owner, that I have chosen to complete a secondary analysis on these existing data. 
However, the use of an existing dataset must be approached with caution. One 
must ensure that the constructs of interest are operationally defined in a manner that 
meets the aims of the intended research.  In addition, data must have been generated in 
controlled and consistent settings with instruments that reflect appropriate psychometric 
evidence specific to the population of interest with attention to the rigors of ethical 
research. Finally, one must understand whether composite variables are included and how 
they were constructed (Vartanian, 2011). To ensure this data analysis was completed with 
attention to these cautions and potential disadvantages, I have become familiar with the 
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original data collection process and have worked closely with the dataset owner to ensure 




 Athletes from high schools across the United States completed a computer-based 
assessment that included a self-report demographic and concussion history questionnaire, 
the PCSS self-report symptom scale, and the specific neurocognitive tests that make up 
the post-concussion assessment battery known as ImPACT. Results from these 
assessments are electronically stored on a server owned by ImPACT Applications, Inc. 
(Pittsburgh, PA). Athletes who completed these assessments  (baseline and post-injury) 
voluntarily consented to the use of their de-identified data for both research and norming 
use in addition to the intended clinical purpose of comparing their baseline to post-injury, 
should this need arise.  
Human Subjects 
 
For the purposes of this investigation, baseline (in control and concussed subjects) 
and post-concussion ImPACT data meeting the established study criteria were extracted 
from a larger data set of over 6 million survey respondents by the lead programmer at 
ImPACT Inc. who was blind to the purposes of this study. As data were received de-
identified, did not contain participant coding or Health Insurance Portability and 
Accountability Act (HIPAA) identifiers, and involved no interaction or intervention 
between the actual participants and myself, the study did not require the formal approval 
of IRB. However, for requirements related to future publication, an exemption was 




Data Set Characteristics  
 
 The ImPACT server contains over six million completed assessments. A stratified 
sampling design was requested to meet the needs of this study, limiting the sample to 
those of 14-18 years of age and then randomly sampling individuals (both concussed and 
control/baseline) from that age group. Stratified sampling specific to sex or age by year 
was not applied, as the goal was to achieve the most representative sample of the general 
adolescent concussion population.  
Specific to this data extraction, the received data set contained ~ 7000 concussed 
participants and >10,000 control/baseline participants, each with 106 variables. Only 
variables specific to this investigation’s research questions were utilized.  
Inclusion criteria. 
 
• Males or Females  
• Aged 14-18 years  
• Self-report of English as first language 
• Concussed participants: completion of demographics, PCSS, and ImPACT 
neurocognitive tests at a maximum of one year after incurring a head 
injury  
• Control participants: Completion of demographics, PCSS, and ImPACT 
neurocognitive tests at a maximum of one year prior to the data extraction 
• Data Collection occurred on ImPACT version 2.1 
Exclusion criteria. 
• English not self-reported as first language 
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• Did not pass Validity Index of ImPACT test 
• Self-reported history of epilepsy/seizures, brain surgery, meningitis, 
treatment for substance/alcohol abuse, and/or psychiatric condition 
• Data collection did not occur on ImPACT version 2.1 
Power Analysis 
 
 Power analysis was calculated to ensure that the requirements of each statistical 
test were met. As various tests were required to meet each study aim and related research 
questions, (e.g., EFA, CFA HMR, LR) attention to each sample size calculation was 
important.  
As exploratory factor analysis (EFA) was utilized as an initial step prior to CFA, 
estimations related to sufficient sample sizes for instrument/questionnaires was calculated 
based on the established standard of 10 participants as minimum per question (item) 
measured and balanced with the degrees of freedom requirements (MacCallum, 1996; 
Nunnaly, 1994). The self-report symptom scale (PCSS) contains 22 items, therefore 
required a minimum sample of 220 to ensure appropriate power. The ImPACT 
neurocognitive component contains 33 items and required a minimum sample of 330 to 
ensure adequate power. However, anticipating that some data would be incomplete and 
given the large number of available participant data, appropriate oversampling occurred 
to equal a final independent sample of ~400. 
The appropriate sample size for CFA is a complex issue. Recommendations for 
absolute sample sizes vary from a minimum of 50 participants to 300 or more, while other 
recommendations are framed in terms of ratios such as a five-to-one or a twenty-to-one ratio 
of participants-to-variables (Bentler & Yuan, 1999). For purposes of this study, a minimum 
sample of 1000 provided 80% power to distinguish close fitting models based on the 
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maximum estimated degrees of freedom for the proposed models of this study 
(MacCallum, 1996). However, anticipating that some data would be incomplete and 
given the large number of available participant data, appropriate oversampling occurred 
with purposeful attention to the potential effect of sample size on fit indices. An 
independent random 25% sample of ~1600 allowed adequate testing of the measurement 
structure underlying each tool. 
For purposes of HMR, sample size is directly linked to the number of independent 
variable entry blocks and the number of independent variables within the blocks that 
were examined.  In this study, three independent variable blocks were tested; a 
demographics block (age, gender and level of education), a learning risk block (totaling 6 
variables) and a third block including number of concussions and those that involved loss 
of consciousness. Eight dependent variables included 5 neurocognitive composite scores 
generated from the ImPACT tests and 3 symptom composites (totaling 18 variables), 
reflective of this study’s preliminary EFA and completed CFA. Based on Tabachnick & 
Fidell (2013), total sample size should be 50 greater than 8 x IVs. Despite this suggested 
minimum, a randomized subsample of 30%, totaling ~1500, was utilized to avoid 
potential known inflations of Type I errors using smaller samples, especially if certain 
variables have minimal membership (Thompson, 1995).  
Finally, for purposes of LR/prediction, based on the number of independent 
variables, an approximate minimum of 200 participants was required in each group 
(Aldrich & Nelson, 1984). However, given the very large data set available, an 
independent random sample of 10% was generated from the combined concussed and 
control datasets with a final sample of 1515 (n = 673 concussed, n = 827 control). Figure 
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3.1 illustrates the subsampling process utilized for each research question and appropriate 
procedure.  
Figure 3.1. Subsampling algorithm. 
Instrumentation 
The ImPACT computer-based battery was used to assess self-reported symptoms 
and neurocognitive function. The ImPACT battery was specifically developed for 
identifying and managing concussion in athletes and is in use by a significant number of 
athletic organizations ranging from youth to professional levels. The complete 
assessment takes approximately 25-30 minutes to complete and is administered in a 
multitude of settings by trained individuals who served as proctors.  ImPACT is 
































demographic and descriptive information including age; gender; and self-reported history 
of alcohol and drug use, learning disabilities, attention deficit disorder, major 
neurological and psychiatric disorders, migraine headaches, and number of previous 
concussions. In the second section, participants rate, on a 7-point Likert scale, the 
presence and severity of each of the 22 common post-concussion symptoms including 
headache, memory problems, confusion, and fogginess (PCSS). The third section of the 
test consists of six neuropsychological tests that evaluate attention, verbal recognition 
memory, visual working memory, visual processing speed, reaction time, numerical 
sequencing ability, and learning (Lovell, Collins, Podell, Powell, & Maroon, 2005). 
These six neuropsychological tests yield five composite scores in the areas of verbal and 
visual memory, reaction time, and processing speed and impulse control (the impulse 
control composite is part of the index to assess validity/effort and aids in ensuring reliable 
and valid results). Multiple composite scores were constructed to reflect the premise that 
each athlete who has incurred a concussion presents with differing neurocognitive 
deficits based on mechanics of injury, age, etc. (Field et al., 2003; Pellman & Lovell, 
2006). 
 One element of importance, as stated above, is that the ImPACT battery contains 
effort criteria, a Validity Index that identifies invalid performance assumed to be due to 
variable or insufficient effort of the athlete, otherwise known as intentional sandbagging 
(Schatz & Glatts, 2013). The Validity Index includes a set of criteria for determination of 
result validity.  If any of these criteria are met during an assessment, the test is considered 
of questionable validity and is either deleted or further scrutinized by the clinician who is 




ImPACT Validity Index Criteria 
ImPACT Validity Index Criteria 
1. Impulse Control composite score of 30 or higher 
2. Xs and Os total incorrect score of 30 or higher 
3. Processing Speed composite score of 25 or below 
4. Reaction Time composite score > 0.79 
5. Verbal Memory composite score below 70% 
6. Visual Memory composite score below 60% 
 
Note. Adapted from "The Immediate Post-Concussion Assessment and Cognitive Testing 
battery and traditional neuropsychological measures: A construct and concurrent validity 
study," by B. J. Allen and J. D. Gfleller, 2011, Brain Injury, 25, p. 182.  Copyright 2011 
by the International Brain Injury Association.  
 
Upon completion of the ImPACT battery, results are automatically scored, 
producing a comprehensive clinical report that includes age-referenced percentiles for 
select indices (Appendix C). 
Data Preparation and Analysis 
Data preparation. 
Of importance is the number of possible variables that were collected from each 
participant in the primary data collection. Thirty-three possible variables exist within the 
demographic survey, 23 within the PCSS symptom self-report scale, and 50 within the 
ImPACT neurocognitive testing, equaling 106 variables or data points per participant. 
For purposes of this study, a limited number of variables were utilized. Data were 
reduced to essential variables and recoded if necessary. Any participants who failed the 
Validity Index were removed from analysis. Prior to completing analyses, missing data 
were assessed and determined to be missing completely at random and with very low 
frequency (<5%). Descriptive statistics, including means and standard deviations 
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summarized participant demographics. In addition, diagnostic analyses including 
identification of outliers, non-normality, skew and kurtosis, occurred. Conditions of 
univariate and multivariate non-normality was identified and procedures to support these 
concerns occurred (eg. transformations, standardizations, recoding to categorical level) 
specific to statistical procedure, if necessary. 
Data analysis. 
Basic statistical analysis was completed using SPSS® version 22.0. Mplus® 
version 7.11 was utilized for the more complex procedure of CFA as it supported the 
analysis of multivariate models with continuous latent variables into a single 
comprehensive modeling framework. In addition, Mplus® was used as it can better 
compute data situations that violate assumptions of common methods of parameter 
estimation, such as maximum likelihood (ML), as ML estimation requires multivariate 
normality of variables (Muthen & Muthen, 2010). As this investigation utilized 
significantly skewed ordinal indicators of latent variables, the assumption of multivariate 
normality was violated. Specifically, recoding and/or standardization were carried out 
and Weighted Least Squares Mean (WLSM) versus ML was utilized as the estimator in 
these situations. 
Each study aim and related research question(s) are noted below.  In addition, a 




Primary Study Aim and Related Research Questions 
Examine model fit of an a priori 2-factor higher order model  
• Using CFA, will an a priori 2-factor higher order model composed of PCSS 
symptom self-report and ImPACT neurocognitive test results demonstrate 
adequate fit? 
• Will the CFA of PCSS symptom self-report support the factor models reported in 
the literature? 
• Will the CFA of the ImPACT neurocognitive test results support the factor 
models reported in the literature? 
Self-report instruments, including symptom scales, are commonly used to 
measure biobehavioral, emotional, and social aspects of an individuals’ health (Henly, 
2013). Item response theory (Embretson & Reise, 2000) and EFA (Spearman, 1904) have 
long been applied to these types of instruments. EFA was performed on an independent 
sample of this dataset to inform and confirm the forward steps of this investigation. Using 
SPSS 22®, proposed symptom and neurocognitive models were tested to appropriately 
and accurately answer the specific research questions related to the primary aim.  
Despite the value of EFA, CFA provides a more rigorous and systematic test of 
alternative factor structures than is possible within the framework of EFA when theory is 
available to guide hypothesized structure. EFAs previously conducted as a component of 
this study and/or reported for both the Post Concussion Symptom Scale (PCSS; (Kontos 
et al., 2012; Pardini et al., 2004; Figures 3.2 and 3.3) and neurocognitive tests contained 










Figure 3.2. Symptoms EFA results of Pardini (2004). Adapted from “The Post 
Concussion Symptom Scale (PCSS): A factor analysis,” by J. Pardini et al., 2004, British 
Journal of Sports Medicine, 38, 661-662.  Copyright by the British Medical Journal 
Publishing Group Ltd. 
 
foundation for CFA in this knowledge area. In addition, recent literature contains a 2-
factor theory, determined by CFA, for the ImPACT neurocognitive component with 
factors noted as memory and speed (Schatz & Maerlander, 2013). For purposes of the 
current investigation, CFA was utilized to assess an overall model fit in addition to the 
assessment of factor models specific to the PCSS self-report and the ImPACT 
neurocognitive tests. Prior to analysis of data, assessment of assumptions occurred. There 





























Figure 3.3. Symptom EFA results of Kontos et al. (2012). Accounted for 58.3% of the 
variance. The following symptoms:  nausea, balance problems, sleeping more than usual, 
irritability, and vision problems were excluded from the analysis due to low primary 
factory loadings or high cross-loadings with a difference between primary loadings and 
cross-loadings of < .2. Adapted from “A revised factor structure for the Post-Concussion 
Symptom Scale: Baseline and postconcussion factors,” by A. P. Kontos et al., 2012, The 
American Journal of Sports Medicine, 40, 2375-2384.  Copyright 2012 by the American 
Orthopaedic Society for Sports Medicine. 
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6. Data are of interval level 
CFA is a statistical method used to evaluate the structural integrity of a 
measurement instrument and/or model when adequate theoretical support is available 
(Jöreskog, 1969). When using CFA, the researcher specifies the “measurement model” 
with attention to three areas: 1) The number of factors or latent variables hypothesized to 
underlie the scale’s items delineating how measured variables reflect certain latent 
variables. Measured variables are illustrated as squares or rectangles. Latent variables are 
illustrated as circles or ovals, 2) Specify the items linked to (i.e., load on) each factor, with 
at least one item linked to each factor; and 3) If a hypothesized model includes multiple 
factors, then researchers specify possible associations between factors (Tabachnick & Fidell, 
2013). Regression paths are represented by one-headed arrows drawn from factors to 
measured variables to reflect the premise that the latent variables are in fact an underlying 
influence on the manifestation of the factors in the form of scores on the measured 
variables. Correlations (and covariances) are represented as two-headed arrows drawn to 
connect either measured or latent variables in pairs for which correlations or covariances 
are freed to be nonzero and are estimated in the analysis (Schumacker & Lomax, 2010; 
Thompson, 2004).  
To answer the research questions associated with the primary aim, analysis was 
completed utilizing the Mplus® statistical package and proceeded in two steps. Based on 
logic, theory, previous EFA studies, and the preliminary EFA results conducted on a 
small subsample (n = 368) in this study (Appendix D-G), a higher-order concussion 
measurement model of underlying data structure was tested using CFA. Expectations 
regarding the number of factors, which variables reflect given factors, and whether the 
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factors are correlated are summarized in each proposed model (symptom, neurocognitive 
and overall) (Figures 3.4 – 3.6). For clarity, and consistency of analysis, and most 
importantly, accuracy, the symptom and neurocognitive models were tested first followed 
by the total model. 
Manifest variables.  
• PCSS Individual symptom items (re-coded as categorical variables) 
• Neurocognitive composite factors 
§ Verbal Memory 
§ Visual Memory 
§ Processing Speed 
§ Reaction Time 
§ Impulse Control 
       Latent variables.  
• Neurocognitive factors/subscales 
• Symptom factors/subscales 
• Concussion  
To determine how well an a priori model fits the sample data, absolute fit indices 
should be applied to the results of CFA (McDonald & Ho, 2002). These measures 
provide the most basic indication of how well the proposed theory fits the data.  Their 
calculations do not rely on comparison with a baseline model but are instead a measure of 
how well the model fits in comparison to no model at all (Jöreskog & Sörbom, 1993). 
Included in this category are the Chi Square, root mean square error of approximation 
(RMSEA), standardized root mean square residual (SRMR), and Goodness-of-fit (GFI).  
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The Chi Square test assesses the magnitude of the discrepancy between the 
sample and fitted covariance matrices (Hu & Bentler, 1999). A significant test result 
indicated that the fit is poor and that the model may not be appropriate to the data. 
However, moderate discrepancies from normality in the data also lead to rejection of the 
model using the Chi Square test (McIntosh, 2007; West, Finch, & Curran, 1995). In 
addition, in large sample sizes and high number of degrees of freedom, a small  
discrepancy that may be of no practical or theoretical interest can lead to a similar 
rejection (Bentler & Bonnet, 1980; Jöreskog & Sörbom, 1993; Tabachnick & Fidell, 
2013; Sousa, West, Moser, Harris, & Cook, 2012). Because of these Chi Square 
associated concerns, this analysis was supplemented with additional fit indices. 
RMSEA (Steiger, 1990) is a measure of the estimated discrepancy between the 
population and model implied population covariance matrices per degree of freedom. Fit 
ranges from 0 to 1.00 and has controversy among the recent literature regarding values 
that indicate good fit (Steiger, 2007). Hu and Bentler (1999) suggest a cut-off value close  
to .06. However, Browne and Cudeck (1993) suggest that values of the RMSEA of .05 or 
less indicate a good fit and .08 or less indicate adequate fit and is generally accepted in a 
well-fitting model.  
The Standardized Room Mean Square Residual (SRMR) is the square root of the 
difference between the residuals of the sample covariance matrix and the hypothesized 
covariance model. Values for the SRMR range from zero to 1.0 with well fitting models 
obtaining values less than .05 (Byrne, 1998). 
The Goodness of Fit (GFI) was created by Jöreskog and Sörbom as the alternative 
to the Chi-Square test and calculates the proportion of variance that is accounted for by 
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Figure 3.4. Proposed 4-correlated factors symptom theoretical measurement model 
(based on this study’s EFA). Sleeping more than usual and irritability deleted due to low 
and/or cross loadings.   
	  
the estimated population covariance (Tabachnick & Fidell, 2013). This test becomes less   
useful with large sample sizes, large numbers of degrees of freedom in comparison to 
sample size and number of parameters.  This statistic ranges from 0 to 1.00 and has a 
recommended cut-off of 0.95 or higher to establish good fit.  
As compared to the absolute fit indices, incremental fit indices, also known as 
comparative or relative fit indices (McDonald & Ho, 2002) are a group of indices that do 
not use the chi-square in its pure form but compare the chi-square value to a baseline 

































Figure 3.5. Proposed 2-factor neurocognitive composite measurement model. Based on 
this study’s EFA. 
 
NFI assesses the model by comparing χ2 value of the model to the χ2 of the null model. 
The null/independence model is the worst case as it specifies that all measured variables 
are uncorrelated. Values for this statistic range between 0 and 1 with Hu and Bentler 
(1999) suggesting a cut-off criteria ≥ .95 to indicate good fit. The CFI (Bentler, 1990)  
ranges from 0, indicating poor fit, to 1.0, indicating perfect fit and is derived from a 
 
comparison of a restricted model in which restrictions are imposed on the data with a 
baseline model in which all pairs of observed variables are assumed to be mutually 
uncorrelated. A result of .96 is suggested as an adequate criterion (Hu & Bentler, 1999).  
Finally, as Mplus was utilized, an additional fit index was applied for establishing model 
fit. This index, WRMR, is a product of the Mplus estimator WLSMV and is expected to 
be < 1.0 to indicate a good fitting model. A summary of the accepted cutoffs of these fit 












Figure 3.6. Proposed 2-factor higher-order concussion measurement model based on 























indices is noted in Table 3.3. Considering the fit indices for the main hypothesized 
measurement model and for several alternative measurement models, a best fitting 
concussion measurement model was chosen.  Finally, CFA was used to assess the 
reliability of the factors and items in the selected model.  
Table 3.3  
Acceptable Values of CFA Fit Indices 
Statistic Result 
χ2 Non-significant result at .05 level 

















Note. χ2 = Chi Square; RMSEA=Root Mean Square Error of Approximation; GFI = 
Goodness of Fit; SRMR = Standardized Root Mean Square Residual; NFI = Normed Fit 
Index; CFI = Comparative Fit Index; TLI = Tucker Lewis Index; WRMR = Weight Root 
Mean Square Residual. Tabachnick & Fidell, 2013; Muthen & Muthen, 1998-2010. 
 
Secondary Study Aim and Related Question 
Examine the final model for differences within subscale scores of symptom self-
report and neuropsychological results related to age, educational level, sex, BMI, sport, 
comorbidities/past medical history and number of previous concussions?  
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• What is the relationship of PCSS symptom report and/or ImPACT neurocognitive 
test results to age, educational level, sex, BMI, sport, comorbidities and number 
of previous concussions? 
Differences between participants could be due to random variation or actual 
participant characteristics. This study sought to examine the relationships of symptom 
and neurocognitive results to age group, sex, BMI, comorbidities and number of 
concussions based on theoretical presuppositions. Dependent variables (DVs) were 
identified as the 5 neurocognitive composites in addition to the 3 symptom clusters 
concluded from both EFA and CFA related to this study. Independent variables were 
identified as demographic characteristics, noted cognitive risk factors, and a group of 
concussion descriptors (total number of concussions, number that resulted in LOC, and 
sport played). Standard regression enters all variables into the equation simultaneously 
explaining variance of the DV by a set of IVs as a group or block and identifies the 
strongest predictor variable within the model.  However, hierarchical/ block entry linear 
regression enters IVs into the equation in the order specified by the researcher based on 
theoretical grounds. IVs are entered in steps (blocks) and each IV is assessed in terms of 
what it adds to the prediction of the DV after the previous IVs have been controlled for. 
This process allows for overall model and relative contribution of each block of variables 
to be assessed.  Hierarchical regression was utilized to meet this study aim and answer 
the associated research question.   
Prior to analysis of data, assessment of assumptions occurred. There are 4 
assumptions for Multiple Regression (MR): 
1. Linear relationship between dependent and independent variables 
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2. Error terms at every level are normally distributed 
3. Homoscedasticity (constant variance) of the errors is present 
4. Independence of observations  
Block entry (HMR) was conducted in SPSS to determine the relevant contribution 
of each independent/predictor variable to each criterion/dependent variable using 
established symptom and neurocognitive composites as outcome variables and then block 
entering cognitive/learning risk, age, gender, education level, BMI, number of previous 
concussions, concussions that resulted in LOC, and sport played as predictor/independent 
variables.  
Additional Secondary Study Aim and Related Question 
Examine the ability of the two independent variables (symptom self-report 
composite scores and neuropsychological test composite scores) to predict the dependent 
variable (concussion). 
• What are the odds of the PCSS symptom self-report scores and/or ImPACT 
neurocognitive test results predicting concussion? 
Odds ratios are useful in identifying the probability of either having a certain 
disease/injury state or not and is accomplished using the statistical procedure of LR. This 
study proposes the use of independent variables:  PCSS symptom factor subscales, and 
ImPACT neurocognitive subscales to determine probability of having a concussion using 
the concussed and control/baseline samples previously described. 
Although LR does not require any of the key assumptions of multiple regression 
and general linear models, some assumptions still do apply. Prior to analysis of data, 
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assessment of assumptions occurred. Assuming the use of binary LR, there are 6 
assumptions: 
1. Dependent variable must be binary  
2. Dependent variable must be coded  
3. Model should be fitted correctly. All meaningful variables should be included. (A 
stepwise approach to estimate the LR should be utilized) 
4. Error terms need to be independent 
5. Independent variables must be linearly related to the log odds 
6. Large sample sizes are required as MLE is less powerful than ordinary least 
squares (simple and linear regression) , requiring at least 10 participants per 
independent variable. 
Binary LR was run in SPSS using forced entry of the controlled variables (age, 
gender and educational level). The 2nd block was inputted as backward stepwise and 
contained the individual symptom items included in the best fitting CFA solution.  The 
3rd block was also inputted as backward stepwise and contained all 5 neurocognitive 
subscales of ImPACT.  
Overall Study Assumptions 
This investigation was based on various basic assumptions concerning the 
individual participants, clinicians and secondary analysis of existing dataset. The overall 
assumptions were: 
• Adolescent athletes = aged 14-18 years. 




• Participants responded accurately to demographic, concussion history, and other 
medical background questions. 
• Participants were appropriately proctored and followed the computer-based 
instructions as prompted. 
• Participants gave best effort on ImPACT neurocognitive test. 
• It is common for clinicians to base their concussion assessment and return to play 
decisions solely on self-reported symptomatology (Van Kampen et al., 2006). 
These assumptions are common assumptions for most investigations that rely on  
remote data collection, self-reported symptoms and secondary data. However, it is 
important that they were acknowledged prior to the investigation to allow for recognition 
of their potential impact and contributions to limitations of this study.   
Known Study Limitations 
At the onset of this study, certain limitations were known to be present.  
• Self-report symptom checklists/scales have limited psychometric support in the 
adolescent athlete population (Janusz, Sady, & Gioia, 2012). 
• Symptoms are state dependent and vary based on: time and day, emotional status, 
attitude, motivation, and honesty (Matthews, Deary, & Whiteman, 2009; 
Lewandowski et al., 2009). 
• Symptom reporting is subject to psychological and perceptual bias, in influenced 
by age, sex, education, pre-injury and injury characteristics, psychiatric distress, 
pain, and medication (Bailey et al., 2010; Bush et al., 2005; Covassin et al., 2006; 
Garden & Sullivan, 2010; Garden, Sullivan, & Lange, 2010; McLean et al., 2009; 
Pennebaker, 1982).  
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• Psychometrically supported postural stability/balance test equipment is expensive, 
time consuming, and limited to centers that specialize in concussion management, 
making them unavailable to many clinicians. 
• The existing dataset matches the investigator’s aim to examine the proposed 
model fit of concussion diagnosis per symptom self-report and neurocognitive 
testing. However, it does not include matched postural stability/balance data. 
Summary 
  This chapter first discussed the use of secondary analysis/existing data, reviewed 
the data source and the procedures used to obtain the participant data. In describing the 
data source, the instruments/measures were summarized. The requested and actual 
sample, with attention to power analysis, specific aims, and related research questions 
was included, noting inclusion and exclusion criteria for both the concussed and the 
control/baseline sample. The final portion of this chapter outlined the specific statistical 
analyses that will be utilized to appropriately address the research questions of this 







 This chapter will begin by summarizing participant characteristics in table and 
narrative format for all procedures completed. It is important to note that independent 
samples were utilized for each procedure (EFA, CFA, HMR, and LR). Descriptive 
statistics for each of these samples are noted as either combined comparisons or as 
separate tables. The remainder of this chapter is organized to present results of analysis 
by research question.  
Participant Characteristics 
 As multiple subsamples were randomly extracted from the received datasets, it’s 
important to identify the number of participants that were utilized to address each 
research aim and/or statistical procedure. No subsample or member of that subsample 
was used for any procedure other than the identified exclusive procedure.  
The original datasets contained 6983 concussed participants and 10,346 
control/baseline participants, all 14-18 year olds meeting the inclusion/exclusion criteria 
of this investigation. For purposes of symptom and neurocognitive EFA, 5% of the 
concussed sample was randomly extracted, equaling 378. For purposes of CFA, an overly 
large sample risks misinterpretation of model fit indices (Tabachnick & Fidell, 2013).  
Therefore, a smaller random 25% sample was extracted totaling 1469.  For purposes of 
hierarchical multiple regression, an independent 10% sample (different from that used for 
CFA) from the concussed dataset was randomly extracted totaling ~800 participants. 
Finally, for purposes of LR, as this procedure was to predict presence or absence of 
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concussion, another randomly generated independent sample was extracted from the 
original non-concussed control/baseline dataset and combined with the concussed sample 
used for HMR and LR.  During each of these extractions, descriptive and frequencies 
were assessed to confirm similar variance between subsamples. Overall demographics 
presented in Table 4.1. Summary by sport is noted in Table 4.2. 
RQs 1-3: model fit of concussion symptom data, neurocognitive data and 
overall model. 
Prior to CFA, an independent sample was randomly extracted from the overall 
dataset for purposes of EFA.  The dataset was examined for missing data and outliers.  
Descriptive statistics including mean, standard deviation, skewness, and kurtosis for the 
symptoms, neurocognitive tests and overall model were conducted and compared to the 
remaining dataset to ensure similar representation. In regards to symptom scores, despite 
their recoding to a dichotomous level for purposes of CFA, scores were left as ordinal 
(Likert 0-6 scale) for EFA to prevent distortion of correlations (Kim & Mueller, 1976).  
EFAs were conducted using principal component analysis (PCA), examining 
differing factor structures to examine those proposed in the literature for both symptoms 
and neurocognitive results. (Rotated Component Matrices are noted in Appendices D-G). 
PCA was used because the primary purpose was to identify and compute factors for 
comparison purposes to the existing literature results. Varimax rotation with Kaiser 
normalization, Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy, Bartlett’s test 
of sphericity, eigenvalues, and scree plot data were employed to assist with interpretation 





Demographics of Overall Datasets 
Variable Overall Concussed Dataset 
N = 6983 
Overall Control Dataset 
N = 6068 
Gender 
     Male % 







Age (years) Mean 15.87  15.62 
Ed Level (grade) Mean 9.34 9.42 
BMI Mean 36.8 N/A 









Note. LOC = loss of consciousness. 
 
Bartlett’s test of sphericity were significant (α < .05) indicating the matrix is not an 
identity matrix and the variables do relate to one another enough to run a meaningful 
EFA. In addition all factors should had eigenvalues > 1.0 and factors that occurred before 
the curve in the scree plot leveled off were included in the factor model (Tabachnick & 
Fidell, 2013). Per previous studies and accepted procedures of EFA, items were retained 
in the factor models on the basis of having a primary loading of .5 or greater on one 





Participant’s Sport  
 
Sport Concussed Data Set 
(n = 6983) 
Control Subsample  
(n = 682) 






41.6% (n = 2902) 
 
15.4% (n = 1073) 
 
11.1% (n = 776) 
43.5% (n = 297) 
 
15.8% (n = 108) 
 















5.3% (n = 370) 
 
3.9% (n = 272) 
 
3.9% (n = 269) 
 
3.8% (n = 267) 
 
3.4% (n = 237) 
 
2.4% (n = 164) 
 
5.1% (n = 347) 
4.4% (n = 30) 
 
2.2% (n = 15) 
 
4.5% (n = 31) 
 
5.3% (n = 36) 
 
4.7% (n = 32) 
 
2.7% (n = 18) 
 
8.3% (n = 56) 
Note. Other contact sports: boxing, field hockey, martial arts, rugby, squash.  Non-contact 
sports: boating, cross-country, diving, equestrian, golf, gymnastics, rowing, 
skateboarding, skiing, softball, swimming, tennis, track & field, water polo. 
 
loaded (> .4) on another item was retained for further analysis only if the main loading 
was above .6 and the difference between the main and highest cross-loading was > +.2  
(Tabachnick & Fidell, 2013). Items not meeting these criteria were excluded from the 
subsequent CFA. However, based on theoretical support, although the symptom item 
difficulty remembering loaded at .464 on a primary factor and also cross-loaded on a 
secondary factor, it was retained in subsequent CFA analyses. In addition, given the 
nature of EFA, factors with only 2 items were retained if the items met the strong loading 
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criteria noted above. The subsample utilized for EFA was not utilized in any other 
analysis.  
Post EFA, CFA was carried out in order to test the proposed underlying structure 
of the PCSS, the ImPACT neurocognitive test battery, and the total measurement model. 
Theorized pathways were stipulated and latent (unobserved) variables were created from 
measured (observed) variables based on logic, existing theory and results of EFAs 
connected to this investigation and beyond. Prior to conducting the CFAs, normality 
indicators were examined.  Results indicated statistically significant skew within 
individual symptom and neurocognitive test scores, raising potential concerns related to 
multivariate nonnormality that would affect fit indices and evaluation of eventual fit. As 
many symptoms had low counts/report rates per the Likert scale (0-6), symptom 
responses were converted to categorical level (0 as not present and 1 as present) to 
improve skew. To accommodate neurocognitive test variability, scores were standardized 
to z scores.  Initial attempts at model run were unsuccessful due to the likely variance of 
scales forcing the use of neurocognitive composites versus individual test scores, also 
standardized to z scores.   
Evaluation of the proposed models were in alignment with accepted fit index 
parameters. Typically, chi-square statistics are used as an indicator of differences in fit 
between the hypothesized model and the data, with non-significant p-values indicating a 
good fit.  However the chi-square goodness-of-fit tests often produce significant chi-
square values due to the detection of trivial differences in large sample sizes, so 
additional fit indices were also inspected (Tabachnick & Fidell, 2013). Per 
recommendations of Hu and Bentler (1998), model fit was evaluated using a combination 
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of fit indices and empirically derived cutoff scores.  The following fit indices and 
associated cutoff scores indicated good fit: a) RMSEA ≤ .05, b) SRMR ≤ .08, c) CFI and 
TLI ≥ .96 and d) WRMR < 1. 
Tables 4.4 - 4.6 summarize the fit indices of best fitting solutions for the symptom 
model, neurocognitive model, and overall models. In addition, the best fitting solutions 
are shown diagrammatically in Figures 4.1 - 4.3. Values in brackets after observed 
variable headings refer to standardized variances and values next to pathways indicate the 
standardized regression coefficients.  
Symptom factor solution. 
A 4-factor symptom model, hypothesized to provide the best fit to the data based 
on theoretical and literature support, was initially evaluated. The latent variables for each 
of the 4 symptom factors were specified according to this study’s preliminary EFA as F1 
(physical/neural) = drowsiness, sensitivity to noise, feeling slowed down, headache, 
dizziness, feeling mentally foggy, difficulty concentrating, sensitivity to light, trouble 
falling asleep, vomiting and balance problems. F2 (Emotion) = nervousness, feeling more 
emotional, visual problems, sadness and difficulty remembering. F3 (Sleep) = sleeping 
less than usual and fatigue and F4 (Sensation) = numbness or tingling and nausea. 
Symptom abbreviations and factor groupings are noted in Table 4.3.  
While an insignificant chi-square analysis indicated a model fit, it is highly 
sensitive to large sample size and relative fit indices indicated further modifications 
might improve the model fit to the data. F4 (numbness or tingling and nausea) was both 
moved to F3, which did not improve model fit. The Best solution was found when 





Symptom Abbreviations and Factor Groupings 
Symptom CFA Label Symptom Factor Group 
HA S1 F1  
Nausea S2 Deleted in CFA 
Vomiting S3 F1  
Balance S4 F1  
Dizziness S5 F1  
Fatigue S6 F3  
Trouble Falling Asleep S7 F1  
Sleeping > usual S8 Deleted in EFA 
Sleeping < usual S9 F3  
Drowsiness S10 F1  
Sensitivity to light S11 F1  
Sensitivity to noise S12 F1  
Irritability S13 Deleted in EFA 
Sadness S14 F2  
Nervousness S15 F2  
Feeling more emotional S16 F2  
Numbness/tingling S17 Deleted in CFA 
Feeling slowed down S18 F1  
Feeling mentally foggy S19 F1  
Difficulty Concentrating S20 F1 
Difficulty Remembering S21 F2  
 
Visual Problems S22 F2  
 
While an insignificant chi-square analysis indicated a model fit, it is highly 
sensitive to large sample size and relative fit indices indicated further modifications 
might improve the model fit to the data. F4 (numbness or tingling and nausea) was both 
moved to F3, which did not improve model fit. The Best solution was found when 
deleting F4 as evidenced by fit indices in Table 4.4 and is illustrated in Figure 4.1.  
Neurocognitive factor solution. 
Despite performing EFA on all neurocognitive tests as raw scores, these test 
scores were standardized to z scores, to accommodate significant multivariate   
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Table 4.4   
Fit Indices of Best- Fitting Symptom Model (3 Factor) 






df = 132 
p < .001 
 
.047 .985 .982 1.436 
 
Note. Free parameters = 39; Estimator = WLSMV. 
nonnormality prior to loading into Mplus®.  However, the model would not converge 
likely due to low item counts and ongoing significant nonmormlity. From this point 
forward, the five neurocognitive composites were utilized in the CFA. Initially, a 5-factor 
neurocognitive model, based on theoretical and literature support was evaluated. Each of 
the neurocognitive composites (Verbal Memory, Visual Memory, Visual Motor, Reaction 
Time and Impulse Control) were specified as its own factor. While an insignificant chi-
square analysis indicated a model fit, potentially affected by sample size, relative fit 
indices indicated further modifications might improve the model fit to the data. Based on 
additional findings in the literature, the preliminary EFA of this study and theory, a 2-
factor solution was attempted, specifying Impulse Control to both F1 (Verbal Memory & 
Visual Memory) and F2 (Visual Motor and Reaction Time).  The path of Impulse Control  
to F2 was not significant and so was removed from F2. It was this model that was 
originally hypothesized to provide the best fit to the data with the final solution. The fit 
indices are summarized in Table 4.5 and the model is illustrated in Figure 4.2. 
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Table 4.5  
Fit Indices of Best-Fitting Neurocognitive Model (2 Factor) 









df = 4 
p < .001 
.092 .974 .935 .030 
 
Note. Free parameters = 16; Estimator = ML. 
Total measurement model solution. 
A 2-factor total measurement model, hypothesized to provide the best fit to the 
data based on theoretical and literature support, was evaluated. Representing the two 
factors were the latent symptom and neurocognitive composites. The variables for each 
of the 3 symptom factors were specified according to this study’s preliminary EFA and 
CFA specific to symptoms. F1 (physical/neural) = drowsiness, sensitivity to noise, 
feeling slowed down, headache, dizziness, feeling mentally foggy, difficulty 
concentrating, sensitivity to light, trouble falling asleep, vomiting and balance problems. 
F2 (Emotion)=nervousness, feeling more emotional, visual problems, sadness and 
difficulty remembering. F3 (Sleep) = sleeping less than usual and fatigue. The variables 
for each of the 2 neurocognitive factors were specified as F1 (Verbal Memory, Visual 
Memory and Impulse Control) and F2 (Visual Motor and Reaction Time). No model 
modifications were required as a good fitting solution to the data was found on this initial 







Figure 4.2. Best fitting solution for neurocognitive model. vi = visual memory, ve = 






Fit Indices of Best-Fitting Total Model   









df = 253 
p < .001 
.043 .976 .973 1.481 
 










RQ 4: What is the relationship of PCSS symptom report scores and/or 
ImPACT neurocognitive test results to age group, sex, BMI, sport, identified 
comorbidities/past medical history, and number of previous concussions? 
HMR was performed to address this research question due to its level of rigor 
compared to simple correlations. Using HMR, theory was utilized to stepwise enter 
blocks of variables and control for those that may have influenced relationships and/or 
explained variance. Prior to analysis, variables were recoded to dummy codes, as 
appropriate. Collinearity diagnostics were run as part of the analysis that evaluated the 
relationship of each of the eight DVs to three blocks of independent variables.  Block 1 
(learning/cognitive risk factors) contained: special ED classes, repeated one or more 
years of school, learning disability, ADD or ADHD, dyslexia, and autism.  Block 2 
(demographics) contained: age, gender, BMI, and education level.  Block 3 (concussion 
specifics) contained: total number of concussions, total number of concussions that 
resulted in loss of consciousness, sport participation as football and sport participation as 
soccer.   
Neurocognitive. 
A summary of statistically significant results related to neurocognitive composites 
as dependent variables are summarized in Table 4.7. Additionally SPSS ANOVA tables 
were reviewed for each of the five neurocognitive composites and are included in 
Appendix L.  
The DV, Verbal Memory, the first of five neurocognitive composites, resulted in 
an overall model that was statistically significant, F (14, 708) = 2.177, p = .007.  The first 




Significant regression coefficients and explained variance from HMR with 
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had an insignificant contribution to the variance in Verbal Memory. The second block 
(demographics), after controlling for the cognitive risk factors, contributed an additional 
1.8% to the variance and was significant, p = .004. Entry of the third block, concussion 
specifics, would have contributed an additional 2.2% but was not significant p = .141. In 
the final model, all β values were minimal. However, standardized β coefficients noted  
dyslexia and number of concussions as significant with LOC trending toward 
significance.   
The DV, Visual Memory the 2nd of five neurocognitive composites, resulted in 
an overall model that was statistically significant, F (14, 708) = 2.570, p = .001.  The first 
block (cognitive risk factors) was statistically significant, p = .008 and contributed just 
1.6% to the variance in Visual Memory. The second block (demographics), after 
controlling for the cognitive risk factors, contributed an additional 0.9% to the variance 
and was also significant, p =.028. Entry of the third block, concussion specifics, would 
have contributed an additional 0.5% but was not significant p = .126. In the final model, 
all β values were minimal. However, standardized β coefficients noted learning 
disabilities, ADD/ADHD were statistically significant.  
The DV, Visual Motor, the third of five neurocognitive composites, resulted in an 
overall model that was statistically significant, F (14, 708) = 4.915, p = .0010.  The first 
block (cognitive risk factors) was statistically significant, p = .001 and contributed 2.3% 
to the variance in Visual Motor memory. The second block (demographics), after 
controlling for the cognitive risk factors, contributed an additional 2.6% to the variance 
and was also significant, p = .000. Entry of the third block, concussion specifics, 
contributed an additional 2.2%, also statistically significant p = .001. In the final model, 
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all β values were minimal. However, standardized β coefficients noted special education 
classes, ADD/ADHD, education level, total number of concussions, total number of 
concussions resulting in LOC, football were statistically significant.  
 The DV, Reaction Time, the 4th of five neurocognitive composites, resulted in an 
overall model that was not statistically significant, F (14, 708) = 1.495, p = .107  The first 
block (cognitive risk factors) was not statistically significant, p = .226 and would have 
contributed <1% to the variance in Reaction Time. The second block (demographics), 
after controlling for the cognitive risk factors, contributed an additional 1% to the 
variance but was also not significant, p = .063, showing trending of significance. Entry of 
the third block, concussion specifics, would have contributed an additional 1%, but was 
also not statistically significant p = .447. In the final model, all β values were minimal. 
However, standardized β coefficients noted dyslexia and age were statistically significant.  
The DV, Impulse Control, the 5th of five neurocognitive composites, resulted in 
an overall model that was statistically significant, F (14, 708) = 4.008, p =.000.  The first 
block (cognitive risk factors) was not statistically significant, p = .201 but would have 
contributed <1% to the variance in Impulse Control. The second block (demographics), 
after controlling for the cognitive risk factors, contributed an additional 2.5% to the 
variance and was significant, p = .001. Entry of the third block, concussion specifics, 
contributed an additional 5.5%, also statistically significant p < .001. In the final model, 
all β values were minimal. However, standardized β coefficients noted autism, age, total 





A summary of statistically significant results related to symptom composites as 
dependent variables are summarized in Table 4.8.  
The DV, Physical/Neural, the first of three symptom composites, resulted in an 
overall model that was statistically significant, Fc (14, 708) = 1.880, p = .025.  The first 
block (cognitive risk factors) was statistically significant, p = .016 and contributed 1.3% 
to the variance in the Physical Neural symptom composite. The second block 
(demographics), after controlling for the cognitive risk factors, would have contributed an 
additional .5% to the variance but was not significant, p = .128. Entry of the third block, 
concussion specifics, would have contributed an additional 1.7%, but was not statistically 
significant p = .512. In the final model, all β values were minimal. However, standardized 
β coefficients noted learning disabilities and autism were statistically significant with 
ADD/ADHD and special education classes trending towards significance.  
The DV, Emotion, the second of three symptom composites, resulted in an overall 
model that was statistically significant, F (14, 319) = 3.220, p <.001.  The first block  
(cognitive risk factors) was statistically significant, p < .001 and contributed 9.3% to the 
variance in the Emotion symptom composite. The second block (demographics), after 
controlling for the cognitive risk factors, was not significant, p = .795. Entry of the third 
block, concussion specifics, was not statistically significant p = .443. In the final model, 
all β values were minimal. However, standardized β coefficients noted learning 
disabilities, ADD/ADHD and autism were statistically significant. 
The DV, Sleep, the last of three symptom composites, resulted in an overall 




Significant regression coefficients and explained variance from HMR with symptom 
factor composite scores 
 
Symptom Scores  Symptom Factor 1 Symptom Factor 2 Symptom Factor 3 
Independent variables by block 
      
 β t  β t β t 
 







Special Education Classes         
Repeated one or more years of School         
Learning Disability     -.16 -2.81   
ADD or ADHD  .09 2.35  .34 3.07   
Dyslexia         
Autism  .10 2.67      
Block 2-General individual (R2/Adj R2)  NS  NS (.03/.01) 
Age         
Gender       -.13 -2.65 
BMI         
Ed Level         
Block 3-Concussion specific (R2/Adj R2)  NS  NS NS 
# of Concussions         
Total # of concussions with loss of consciousness         
 
Current Sport -Football 
        
Current Sport -Soccer         
Note. NS – Non significant change in R2. 
(cognitive risk factors) was not statistically significant, p = .366 and would have 
contributed <1% to the variance in the Sleep symptom composite. The second block 
(demographics), after controlling for the cognitive risk factors, contributed an additional 
1.2% to the variance and was significant, p = .017. Entry of the third block, concussion 
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specifics, would have contributed an additional 1.1%, but was not statistically significant, 
p = .536. In the final model, all β values were minimal. However, standardized β 
coefficients noted gender was statistically significant. 
Model summaries and ANOVA tables for both neurocognitive and symptom DVs 
can be found in Appendix L.  
RQ5: What are the odds of the PCSS self-report scores and/or ImPACT 
neurocognitive test results predicting concussion? 
Logistic regression was chosen to address this research question, as the predictor 
variables were a mix of continuous and categorical variables.  In addition, the 
distributions of the predictor variables reflected moderate nonnormality. The criterion 
variable, concussion, was coded at the categorical, dichotomous level with concussion = 
0 and non-concussion = 1, different from traditional labeling.  
Two types of inferential tests were utilized to determine statistical inference: tests 
of models and tests of individual predictors. In SPSS, the omnibus test of model 
comparison (comparing the constant-only model with the full model with all predictors) 
is known as the Chi-square.  A statistically significant difference between the constant 
and the full model is noted at p > .05. This result is expected when proposing a predictive 
model to be tested. The Chi-square for this model was 5.706, 3 df, p = .107.  The 
Hosmer-Lemeshow (H-L) test of goodness of fit indicates the extent to which the model 
provides better fit than the null model with no predictors.  If the test is significant, the 
model does not fit well. The H-L test for this model was 3.82, 8 df, p = .872, a 
nonsignificant result indicating the model being tested is not significantly different from 
the perfect model. In addition, to these tests of model fit, tests of individual predictors 
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were also utilized to evaluate this model. A significant result indicates a predictor that is 
reliably associated with outcome. The Wald test was utilized to evaluate a predictor’s 
association with the outcome, as noted by a significant result.  
 The most parsimonious model (summarized in Table 4.9) was able to correctly 
predict only 55.8 % of those that actually had experienced a concussion, but 81.6% of 
those not having a concussion for total success in prediction of 70.3%. This model force 
entered/controlled for the demographic data (age, gender, education level) and used  
backward stepwise with likelihood ratio (LR) for the remaining two steps (18 symptoms 
and 5 neurocognitive composites, respectively).  Two additional models were compared: 
a) Force entered/controlled or symptoms and used backward stepwise with LR for the 
remaining two steps as above and b) Used backward stepwise with LR for all three steps 
by order of demographics, symptoms and neurocognitive. Neither alternative model 
showed improvement in classifications or odds ratios.  Similar variables were left out of 
the equation in all models: a) Symptoms of difficulty remembering, feeling slowed down, 
difficulty concentrating, feeling more emotional, sadness, balance problems, dizziness, 
drowsiness and b) Neurocognitive composites:  Visual Motor, Reaction Time and 
Impulse Control. 
No demographic variables (force entered as controlled or backwards in alternative 
models) were found to be significant according to the Wald test. Variables that decreased 
the odds of not having a concussion included: headache (54% less likely), sensitivity to 
light (41% less likely), sensitivity to noise  (55% less likely) and feeling mentally foggy  




Logistic Regression Final Model Results 
 




 Block 1- control variables      
 Age 1.877 .171 .897 .768 1.048 
Gender(1) 1.389 .239 1.192 .890 1.597 
EdLevel 3.413 .065 1.138 .992 1.305 
Block 2- Symptoms scores      
HA 30.455 .000 .566 .463 .693 
Vomiting 3.778 .052 .474 .223 1.006 
Fatigue 19.656 .000 1.720 1.353 2.185 
Trouble Falling Asleep 5.682 .017 1.325 1.051 1.669 
Sleeping less than Usual 7.237 .007 1.330 1.080 1.637 
Sensitivity to Light 8.551 .003 .594 .419 .842 
Sensitivity to Noise 17.733 .000 .446 .307 .650 
Nervousness 20.489 .000 2.196 1.562 3.088 
Feeling Mentally Foggy 4.304 .038 .649 .432 .976 
Visual Problems 2.974 .085 1.431 .952 2.152 
Block 3- Neurocognitive Composite 
Scores      
Memory Verbal 14.496 .000 .971 .956 .986 
Memory Visual 6.389 .011 .984 .972 .996 
Note. 1Variable(s) Block 1 using Enter:  Age, Gender, and Education Level to control for 
these effects; Block 2 using Backwards LR. All 18 Symptom scores of CFA; Block 3 
using Backward LR. All Neurocognitive composite scores. Variables retained in the 
model are shown. Bolded items are noted as trending towards significance. 
 
fatigue (1.7 x more likely), trouble falling asleep (1.3 x more likely), sleeping less than 
usual (1.3 x more likely) and nervousness (2.2 x more likely).  
Summary 
This chapter summarized participant characteristics in table and narrative format 
for all procedures completed.  Respective samples for EFA, CFA, and HMR and LR 
demographics were noted as either combined comparisons or as separate tables to allow 
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for reader comparison. The remainder of the chapter was organized to present results of 











 This chapter begins with a restatement of the primary goal and aims of this study. 
A discussion of results as they compare to previous studies and existing concussion 
knowledge will follow. A revision to the SET theory is then proposed by incorporating 
concussion modifiers (gained through this study’s results) in addition to an element of 
time. Additionally this study’s findings are framed into the categories of significance to 
concussion science and to the discipline of nursing. The chapter concludes with 
limitations of the study and directions for future inquiry.  
Study Goal 
The overall goal of this investigation was to improve the ability to detect and 
manage sports-related concussion in the adolescent athlete by evaluating a measurement 
model that included PCSS self-report symptoms and ImPACT neurocognitive test results. 
Additionally, this study sought to provide additional validity for ImPACT as applied to 
the adolescent athlete. Study aims included: 1) The examination of model fit of an a 
priori 2-factor higher order concussion measurement model composed of the PCSS 
symptom self-report and ImPACT neurocognitive test results. In addition, symptom and 
neurocognitive models were examined independently, 2) The Examination of the final 
model for differences within PCSS symptom self-report and ImPACT neurocognitive test 
results by age, sex, educational level, BMI, sport (football and soccer), identified 
cognitive risk factors and concussion specifics and 3) The examination of the ability of 
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the two independent variables, PCSS symptom self-report and ImPACT neurocognitive 
test results, to predict the dependent variable: concussion. 
Overall Investigation 
In summary, the results of this study presented a statistically supported 
concussion measurement model that utilizes both symptom measurement and 
neurocognitive testing to aid in recognizing concussion. As the measurement model uses 
the foundational components of ImPACT (the PCSS and neurocognitive composite 
scores), these results provide additional support for ImPACT’s clinical and scientific 
utility, especially in the adolescent population. Throughout the literature, it is suggested 
that recognition of a concussion should be guided by a multidimensional assessment plan 
that includes a symptom checklist, cognitive evaluation (including orientation, past and 
immediate memory, new learning and concentration), balance tests and further 
neurological physical examination (Echemendia, 2013; Giza et al., 2013; Harmon et al., 
2013; McCrory et al., 2013).  This model fit is an exciting contribution towards the 
formal validation of this comprehensive recommendation.  
In addition to this finding, additional discussion related to study aims and 
associated research questions are noted below. However, in summary, additional 
statistical procedures yielded small contributions to variance when examining the 
association of individual factors to concussion using hierarchical multiple regression. 
Results of logistic regression examined predictive ability to identify no concussion with 





Discussion and Comparison to the Work of Others 
 CFA. 
 Prior to CFA, preliminary EFAs were conducted to examine factor loadings of 
both symptoms and neurocognitive results as individual items and composites solely in 
the adolescent age group.  When compared to the results of previous EFA studies, this 
investigation found varied outcomes.  An earlier study by Pardini et al. (2004), published 
only in abstract, showed a 5-factor solution and did not publish demographics of the 
study participants nor factor loadings. Therefore the results of this study cannot be fully 
compared. A more recent study by Kontos et al. (2012) concluded that concussion 
symptoms represent a 4-factor structure (accounting for 58.32% of variance) with the 
majority of symptoms grouped as one large factor titled  “global concussion factor,” 
accounting for ~40% of overall variance (Kontos et. al., 2012). The Kontos et al. study, 
with an average age of 17.14 years (13-22 years) included 65% of high school and 35% 
of college-aged athletes. The symptom EFA of the current investigation also found a 4-
factor solution, accounting for 59% of the variance with sleeping more than usual and 
irritability cross-loading; these were deleted (Appendix D).  Factors identified as 
physical/neural (28% of the variance), emotion (15% of the variance), sleep (9.7% of the 
variance), and sensation (5.6% of the variance) differed from those above in terms of 
loadings, and variance per factor. However, the current study was specific to adolescents 
(mean age= 14.6; range: 14-18 years) and potentially presents what is already known in 
the literature:  that younger adolescents react differently in symptoms than do older.  
 In regards to the neurocognitive component, the preliminary EFA of this study 
evaluated various factor structures of the 33 neurocognitive tests and neurocognitive 
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composites contained in ImPACT.  The results of a 3 factor (49% of overall variance) 
and a 5 factor (61% of overall variance) EFA provided support for a 2 or 3 factor CFA 
model (Appendix H).  Additional theoretical support for this decision stemmed from 
other researchers who have looked at various factor structures using EFA (Allen & 
Gfeller, 2011; Iverson, Lovell, & Collins, 2005). ImPACT was specifically examined by 
a factor analysis study of college participants that explained 69% of the variance by 5 
factors (Allen & Gfeller, 2011). It is worth noting that the 5 factor structure findings did 
not correspond well to the ImPACT composites developed by the authors of this 
concussion assessment battery. It is also noteworthy that no differentiation occurred 
between verbal and visual memory. Additionally, a recent CFA completed by Schatz et 
al. (2013), found a 2-factor model composed of memory and speed.  It was these studies 
that emphasized that additional research is needed to examine the ImPACT factor 
structure and that this is a timely investigation. For these reasons and from the results of 
the preliminary neurocognitive CFA, a 2-factor neurocognitive solution was proposed.  
Using CFA and based on acceptable fit indices, a good model fit to the data was 
found for the component of symptom recognition (3 factors), neurocognitive assessment 
(2 factors) and most importantly, an overall measurement model of concussion. 
Combining the Verbal and Visual Memory with Impulse Control (despite its purpose as a 
validity filter) as one factor in addition to combining Visual Motor with Reaction Time 
supported existing concerns regarding lack of discrimination between these composites in 
addition to ongoing questions of reliability of the Verbal Memory composite below .80 
(Elbin et al., 2011; Iverson 35 al., 2003; Schatz, 2010; Schatz & Ferris, 2013).  In 
addition to these decisions, the symptom composites were reduced by 4 symptoms from 
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what is currently included in the PCSS. Irritability, sleeping more than usual, numbness 
or tingling and nausea were deleted through the evaluation process. This variable 
reduction offers the opportunity to potentially revise the PCSS and neurocognitive 
component of ImPACT to a more parsimonious measure.  Most importantly, because the 
testing of an overall concussion measurement model has not been reported in the 
literature, the results of this study are a major contribution to the recognition of 
concussion. In addition, these findings support the multidimensional concussion 
assessment prevalent in today’s literature.  
HMR. 
 Using HMR, relationships between the dependent variables of symptom clusters 
and neurocognitive composites were examined.  It is important to note that participants 
with preexisting comorbidity that may affect cognitive outcomes and/or learning were 
intentionally not excluded from this investigation. These comorbidities included:  history 
of brain surgery, meningitis and/or seizure disorder. The remaining cognitive risk 
variables: special education classes, repeating of one or more years of school, diagnoses 
ADD, ADHD, dyslexia and autism were purposefully included to assess their relationship 
to symptoms and neurocognitive test results post-concussion.   
The results of HMR were surprising in that very little variance in either symptoms 
or neurocognitive composites were accounted for by any variable. However, those that 
were significant often did include the identified cognitive risk variables.  In summary, 
variables of significance with Verbal Memory: dyslexia and number of concussions with 
LOC; with Visual Memory:  learning disabilities and ADD/ADHD; with Visual Motor: 
special education classes ADD/ADHD, education level, total number of concussions, 
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total number of concussions with LOC and football; with Reaction Time: dyslexia and 
age; with Impulse Control: autism, age, number of concussions with LOC and football; 
With Symptom F1 (physical/neural): Learning disabilities and autism with ADD/ADHD 
and special education trending towards significance; With Symptom F2 (emotion): 
Learning disability, ADD/ADHD, and autism; and Symptom F3 (sleep): gender.  As 
summarized there does appear to be a relationship/potential impact (although very 
minimal) between pre-existing cognitive risk factors and test performance in addition to 
other variables contained in this regression.  
 In summary, based on the few relationships of significance in addition to low 
accounted variance, the HMR results make one think that these variables are not 
important to concussion.  However, as the study design included adolescents who 
incurred a concussion up to a year before testing, the results likely reflect the diversity 
across recovery/time since injury as it relates to symptom presentation and 
neurocognitive deficits.  
 LR. 
The final component of this study examined the ability of post-concussion 
symptoms and/or neurocognitive results to predict that the adolescent does not have a 
concussion.  In contrast to traditional predictive analysis, this study sought to examine the 
data for relationships that would aid a clinician in ruling out a concussion. 
Various models were tested to determine best predictive ability.  In all models, 
similar variables were left out of the equation per the process of stepwise logistic 
regression: a) Symptoms of difficulty remembering, feeling slowed down, difficulty 
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concentrating, feeling more emotional, sadness, balance problems, dizziness, drowsiness 
and b) Neurocognitive composites of Visual Motor, Reaction Time and Impulse Control. 
No demographic variables (force entered as controlled or backwards in alternative 
models) were found to be significant. This is an interesting finding especially with 
regards to gender. There is no consensus in the literature regarding male versus female 
gender. Despite incidence data that shows significantly more males with concussions, 
some researchers point to type of sport played versus gender. In addition, age was not 
found to be predictive.  Once again, controversial in the literature, but often studies point 
to lower ages being at higher risk for concussion (Field et al., 2010; Glang, Koester, 
Beaver, Clay, & McLaughlin, 2010; Lovell & Fazio, 2008). In this study age was not 
predictive either way.  
Despite lack of significance in the demographic variables, variables that 
decreased the odds of not having a concussion (concussion = 0; no concussion = 1) 
included: headache (54% less likely), sensitivity to light (41% less likely), sensitivity to 
noise  (55% less likely) and feeling mentally foggy (35% less likely). Variables that 
increased the odds of not having a concussion: fatigue (1.7 x more likely), trouble falling 
asleep (1.3 x more likely), sleeping less than usual (1.3 x more likely) and nervousness 
(2.2 x more likely).  
The results of this logistic regression provide clinicians with the knowledge to 
identify specific symptoms that may aid in recognizing concussions from the perspective 
of variables that predict the adolescent does not have a concussion, a unique twist to 




Revision to theoretical framework.  
Important to this study is the connection to a theoretical framework that provides 
structure for empirically driven assessment and decision-making. As described in Chapter 
I, the SET model provides an excellent fit to concussion recognition and measurement. 
However to improve its application and utility in adolescents who incur a sports-related 
concussion, various concerns will be identified, followed by suggested revisions and 
modifications. 
 Though not discussed in Chapter 1, the SET model contains four temporal 
assumptions: a) clock/calendar time is a continuum of seconds, minutes, and hours that 
ensures the uniqueness of each symptom event; b) biological/social time is a rhythmic 
repetition of life’s events such as social rhythms and human behaviors; c) perceived time 
is the internal sense of the passage of time and; d) transcendence is the sense of 
timelessness amid intense symptom events (Brant, Beck, & Miaskowski, 2009). These 
temporal components are complex and somewhat abstract and were not depicted in the 
visual model included in Chapter 1. However, a temporal component is required for 
concussion recognition and deems further investigation. Secondly, as summarized in 
Chapter 2, concussion presentation and recovery is affected by potential modifiers that 
include genetics, age, number and proximity of previous concussions, psychoactive and 
anticoagulant medications, dangerous style of play, high-risk and high collision sport, and 
presence of various comorbidities such as migraine, depression, attention deficit 
hyperactivity disorder, learning disabilities, and sleep disorders. (Asplund et al., 2004; 
Chrisman et al., 2013; Collins et al., 2003; Eisenberg et al., 2013; Erlanger et al., 2003; 
Garden & Sullivan, 2010; Makdissi et al., 2013; McLean et al., 2009; Moser et al., 2005; 
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Roe, Sveen, Alvsaker, & Bautz-Holter, 2013; Schatz, Moser, Covassin, & Karpf, 2011; 
Terrell et al., 2013). Although the literature does not use the familiar nomenclature of the 
nursing paradigm: person, health, and environment, these symptom modifiers can be 
appropriately fit into a theoretical framework of concussion recognition that incorporates 
these paradigm concepts. The SET Theory provides for this incorporation.  
To support a more appropriate fit to the recognition of adolescent sports-related 
concussion, various modifications of this model are proposed: a) The content of the 
metaparadigm concepts should be identified to more clearly define these concepts in the 
context of the adolescent; b) A time continuum specific to symptom onset and one 
specific to symptom assessment should be added to enhance the visual model and 
connect time to concussion as the precipitating event; and c) An additional parameter of 
decision-making has been added to support those who believe they are “ok” and do not 
“help-seek” nor complete “self-care” in response to their symptom experience (Figure  
5.1).  As the original model identifies, the components of cognitive evaluation and 
emotional response provide the filter through which a determination is made.  For the 
concussed adolescent, a self-reflection based on symptoms (which could reflect 
neurocognitive deficits) forces them to identify themselves as a) ok, b) needing to utilize 
self care/supportive measures or c) needing to seek help. 
Finally, combining the concussion measurement model of this study with the 
revised SET model, “The Sports-Related Injury Experience Model,” integrates the 
components of person, health and environment with their measured experience of 
symptoms coupled with cognitive appraisal as measured by neurocognitive testing.  
Additional attention to their emotional reaction and judgment regarding OK, versus 
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Self care versus Help seeking involves the clinician beyond the initial injury and through 
concussion recovery. Knowing that most adolescents will recover within 7-10 days, their 
path will likely be self-limiting and/or part of the “treatable” category. However, for 
those adolescents who have protracted recovery, the clinician recognizes them as 





Figure 5.1. Sports-related head injury experience model (Revision of SET model). 
 
Significance to Concussion Science and the Discipline of Nursing 
 The value of an empirically driven measurement model for concussion cannot be 
under emphasized. Despite overwhelming support for a multi-dimensional concussion 
assessment plan, a comprehensive measurement model has not yet been reported.  
Clinicians of all levels and disciplines are in need of a psychometrically supported 
concussion plan that reflects today’s guidelines. The results of this investigation are the 



































I am OK 
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neurocognitive measures in adolescents. The integration of this measurement model and 
results of the multiple regression analysis with the proposed theoretical model of 
concussion experience offers a holistic approach to managing adolescents with 
concussion.  
Study Limitations 
Study limitations prior to the investigation were identified in Chapter 3. The 
following discussion reviews those limitations and identifies any identified post-
investigation. Limitations are noted in the categories of self-report, the retrospective 
nature of this study, participant selection, potential variability in testing environments, 
calculation of BMI, variable length of time since concussion injury, inability to 
generalize results and the lack of inclusion of postural stability/balance.  
In regards to self-report symptom checklists/scales, research has shown that they 
have limited psychometric support in the adolescent athlete population (Janusz, Sady, & 
Gioia, 2012). As these athletes are generally driven to want to either not miss their sport-
related practice/game situations, or to unsafely speed their return to play, underreporting 
is known to occur at substantially high rates in the adolescent population. Additionally, 
symptoms are state dependent and vary based on: time and day, emotional status, attitude, 
motivation, and honesty (Matthews, Deary, & Whiteman, 2009; Lewandowski et al., 
2009). Amidst the complex and challenging world of an adolescent, it’s highly likely that 
at the time of assessment, their symptom self- report could be connected to a number of 
other components of their daily life. Finally in regards to symptom reporting, responses 
are known to be subject to psychological and perceptual bias, as influenced by age, sex, 
education, pre-injury and injury characteristics, psychiatric distress, pain, and medication 
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(Bailey et al., 2010; Bush et al., 2005; Covassin et al., 2006; Garden & Sullivan, 2010; 
Garden, Sullivan, & Lange, 2010; McLean et al., 2009; Pennebaker, 1982). For all of the 
above reasons, the utilization of symptom self-report scales/checklists contributes 
potential limitations to this study.  
An additional limitation is the retrospective nature of this study and the fact that 
for purposes of logistic regression, the concussed versus the control design did not match 
participants based on age, gender, or educational level but controlled for those variables. 
Also, the assumption that variables are similarly related when comparing normal baseline 
controls to concussed participants may not be valid.  This concern previously suggested 
by Delis (2003) is one of importance when answering the question related to predicting 
variables that indicate concussion.  
In regards to consistent results with expected effort and focus, it is unknown whether 
testing occurred in individual proctored settings or as group testing. Although one of the 
major advantages of computerized testing is the application to group testing, recent 
research indicates that group versus individual test administration may produce different 
results (Moser, Schatz, Neidzwski, & Ott, 2011). Despite the inclusion of a Validity 
Index within ImPACT’s neurocognitive testing that is utilized to assess lack of effort or 
“sandbagging,” this is a potential limitation to this study.  
 As this study assessed the potential relationship of BMI to symptoms and/or 
neurocognitive results, it’s important to note that BMIs were calculated as numbers only, 
not percentiles. Despite the accepted technique of judging adults based on raw BMI 
results, those under the age of 18 years compare their BMI to age-normed percentiles to 
judge their overall BMI.  For purposes of this study, the regressions based significance on 
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the raw BMI as compared to others, not based on whether the adolescent was 
underweight, normal weight, overweight, or obese.  
      The interpretation of results may also be affected by the length of time since 
injury.  Inclusion criteria noted accepted participants who were one year or less since the 
time of injury. Symptom and neurocognitive effects vary across recovery time and this 
broad time range is understood as a potential study limitation.  
In regards to generalizability, this study was conducted exclusively with 
adolescents, aged 14-18 who are nonprofessional athletes; therefore these findings cannot 
be generalized beyond these age or sport levels. 
Finally, although the current guidelines for concussion recognition and 
management support the assessment of postural stability/balance, this study’s dataset did 
not include balance assessment results and hence this component of multidimensional 
concussion assessment is not included in this investigation, an additional limitation of 
this work.  
Directions for Future Research 
 The potential for additional research beyond the goals and outcomes of this study 
is immense.  Further inquiries should include comparing an age, gender, and 
educationally matched control sample to this study’s model specifications. Furthermore, 
the inclusion of postural technology into future model testing should be considered, as 
this balance component is part of a empirically supported multidimensional concussion 
assessment and management plan.  Additionally, incremental validity testing of 
individual items and subtests would be appropriate to future research. Finally, 
measurement invariance analyses across age, gender and recovery acuity (acute versus 
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subacute versus chronic) would be an appropriate next step in concussion research related 
to this model and to ImPACT.  
Summary 
This chapter began with a restatement of the primary goal and aims of this study. 
A discussion of results as they compare to previous studies and existing concussion 
knowledge followed. A revision to the SET theory was then proposed by incorporating 
concussion modifiers in addition to an element of time. Additionally this study’s findings 
were framed into the categories of significance to concussion science and to the 
discipline of nursing. The chapter concluded with the limitations of the study and 
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POST CONCUSSION SYMPTOM SCALE (PCSS: LOVELL & COLLINS, 1998) 
SYMPTOM None Mild Moderate Severe 
Headache 0 1 2 3 4 5 6 
Nausea 0 1 2 3 4 5 6 
Vomiting 0 1 2 3 4 5 6 
Balance Problems 0 1 2 3 4 5 6 
Dizziness 0 1 2 3 4 5 6 
Fatigue 0 1 2 3 4 5 6 
Trouble Falling 
Asleep 
0 1 2 3 4 5 6 
Sleeping More 
than Usual 
0 1 2 3 4 5 6 
Sleeping Less than 
Usual 
0 1 2 3 4 5 6 
Drowsiness 0 1 2 3 4 5 6 
Sensitivity to Light 0 1 2 3 4 5 6 
Sensitivity to 
Noise 
0 1 2 3 4 5 6 
Irritability 0 1 2 3 4 5 6 
Sadness 0 1 2 3 4 5 6 
Nervousness 0 1 2 3 4 5 6 
Feeling More 
Emotional 
0 1 2 3 4 5 6 
Numbness or 
Tingling 
0 1 2 3 4 5 6 
Feeling Slowed 
Down 
0 1 2 3 4 5 6 
Feeling Mentally 
“Foggy” 
0 1 2 3 4 5 6 
Difficulty 
Concentrating 
0 1 2 3 4 5 6 
Difficulty 
Remembering 
0 1 2 3 4 5 6 
Visual Problems  0 1 2 3 4 5 6 
TOTAL 
 































4 FACTOR SYMPTOM EFA 
 
Rotated Component Matrixa 
 
Component 
1 2 3 4 
HA_2 .712 .185 .284 -.114 
Nausea_2 -.020 .178 .465 -.621 
Vomiting_2 .609 .143 .341 -.131 
Balance Problems_2 .606 .243 .338 -.014 
Dizziness_2 .707 .317 .282 .008 
Fatigue_2 .270 .185 .745 -.015 
Trouble Falling Asleep_2 .635 .272 .028 .147 
Sleeping more than Usual_2 .532 .386 -.177 .131 
Sleeping less than Usual_2 .174 -.021 .756 .114 
Drowsiness_2 .816 .059 .194 -.087 
Sensitivity to Light_2 .666 .371 .190 -.005 
Sensitivity to Noise_2 .798 .055 .122 -.220 
Irritability_2 .296 .398 .200 .078 
Sadness_2 .092 .551 .121 -.182 
Nervousness_2 .167 .860 -.038 -.004 
Feeling more Emotional_2 .354 .770 -.013 .091 
Feeling Slowed Down_2 .796 .304 -.046 .138 
Feeling Mentally Foggy_2 .679 .258 -.019 .154 
Numbness or Tingling_2 .008 .126 .332 .692 
Difficulty Concentrating_2 .675 .242 .212 .228 
Difficulty Remembering_2 .392 .464 .192 -.205 
Visual Problems_2 .252 .663 .160 .200 
Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 















5 FACTOR SYMPTOM EFA 
Rotated Component Matrixa 
 
Component 
1 2 3 4 5 
Drowsiness_2 .810 .152 .001 .176 -.077 
Sensitivity to Noise_2 .797 .035 .126 .127 -.216 
Feeling Slowed Down_2 .775 .235 .264 -.054 .144 
HA_2 .699 .268 .055 .257 -.105 
Dizziness_2 .680 .500 -.013 .222 .025 
Feeling Mentally Foggy_2 .664 .087 .356 .000 .153 
Difficulty Concentrating_2 .659 .169 .250 .215 .229 
Sensitivity to Light_2 .645 .260 .338 .188 -.005 
Trouble Falling Asleep_2 .620 .077 .388 .051 .143 
Vomiting_2 .597 .324 -.080 .297 -.118 
Balance Problems_2 .584 .482 -.111 .273 .004 
Sleeping more than Usual_2 .508 .222 .373 -.176 .132 
Visual Problems_2 .203 .721 .211 .092 .211 
Nervousness_2 .113 .673 .547 -.076 -.003 
Feeling more Emotional_2 .304 .640 .467 -.053 .096 
Difficulty Remembering_2 .358 .612 .046 .121 -.190 
Sadness_2 .069 .154 .678 .158 -.201 
Irritability_2 .277 .112 .519 .232 .065 
Sleeping less than Usual_2 .180 -.077 .119 .784 .102 
Fatigue_2 .261 .187 .135 .741 -.021 
Numbness or Tingling_2 -.009 .193 -.008 .316 .693 
Nausea_2 -.022 .168 .099 .454 .627 
      
Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 












5 FACTOR NEUROCOGNITIVE EFA (INDIVIDUAL TESTS) 
 
Rotated Component Matrixa 
 
Component 
1 2 3 4 5 
wordMemoryHits_2 .185 .679 .026 .046 .243 
wordMemoryCD_2 .168 .694 .133 .184 .053 
wordMemoryLP_2 .212 .834 .095 .138 .184 
wordMemoryHitsDelay_2 .273 .633 .058 .049 .196 
wordMemoryCDDelay_2 .157 .736 .258 .110 -.019 
wordMemoryDMCorrect_2 .263 .833 .188 .097 .111 
wordMemoryTotalPercentCorrect_2 .265 .912 .164 .125 .155 
designMemoryHits_2 .727 .136 .080 .050 .203 
designMemoryCD_2 .754 .248 .160 .146 -.063 
designMemoryLP_2 .892 .238 .150 .125 .070 
designMemoryHitsDelay_2 .727 .101 .128 .022 .096 
designMemoryCDDelay_2 .743 .234 .054 .068 -.002 
designMemoryDMCorrect_2 .908 .211 .110 .057 .050 
designMemoryTotalPercentCorrect_2 .949 .237 .137 .096 .063 
XOtotalCorrectMemory_2 .292 .165 .253 .018 .324 
XOtotalCorrectInterference_2 .139 .332 .720 .122 .153 
XOaverageCorrect_2 -.057 -.277 -.756 -.054 .103 
XOtotalIncorrect_2 -.146 -.192 .043 -.186 -.514 
XOaverageIncorrect_2 -.092 -.151 -.502 .009 .060 
XOaverageIncorrect_2 .017 .016 .113 .118 .384 
symbolMatchAverateCorrectRT_2 -.029 -.076 -.576 -.024 -.050 
symbolMatchTotalCorrectHidden_2 .323 .129 .166 .064 .368 
symbolMatchAverageCorrectRTHidden_
2 
-.008 -.071 -.489 -.104 .019 
colorMatchTotalCorrect_2 .023 -.060 .182 .016 .383 
colorMatchAverageCorrect_2 -.083 -.308 -.592 -.235 .116 
colorMatchTotalCommissions_2 .001 -.274 .089 -.143 -.782 
threeLettersTotalSequenceCorrect_2 .179 .185 .161 .900 .175 
colorMatchAverageCommisions_2 -.008 -.219 .097 -.013 -.668 
threeLettersTotalLettersCorrect_2 .126 .202 .170 .920 .214 
threeLettersPercentageLettersCorrect_2 .126 .202 .170 .920 .214 
threeLettersAverageTimeFirstClick_2 -.091 .071 -.592 -.149 -.159 
threeLettersAverageCounted_2 .280 -.074 .747 -.015 .287 
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threeLettersAverageCountedCorrectly_2 .285 -.075 .747 -.010 .304 
Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 

























2 FACTOR NEUROCOGNITIVE EFA (INDIVIDUAL TESTS) 
 




wordMemoryHits_2 .600 .140 
wordMemoryCD_2 .569 .253 
wordMemoryLP_2 .709 .237 
wordMemoryHitsDelay_2 .628 .148 
wordMemoryCDDelay_2 .551 .337 
wordMemoryDMCorrect_2 .719 .292 
wordMemoryTotalPercentCorrect_2 .783 .295 
designMemoryHits_2 .673 .073 
designMemoryCD_2 .714 .142 
designMemoryLP_2 .837 .134 
designMemoryHitsDelay_2 .622 .086 
designMemoryCDDelay_2 .707 .028 
designMemoryDMCorrect_2 .822 .068 
designMemoryTotalPercentCorrect_2 .875 .107 
XOtotalCorrectMemory_2 .366 .286 
XOtotalCorrectInterference_2 .291 .752 
XOaverageCorrect_2 -.133 -.720 
XOtotalIncorrect_2 -.358 -.118 
XOaverageIncorrect_2 -.104 -.456 
XOaverageIncorrect_2 .106 .209 
symbolMatchAverateCorrectRT_2 -.032 -.551 
symbolMatchTotalCorrectHidden_2 .390 .222 
symbolMatchAverageCorrectRTHidden_2 -.018 -.487 
colorMatchTotalCorrect_2 .045 .231 
colorMatchAverageCorrect_2 -.208 -.627 
colorMatchTotalCommissions_2 -.348 -.132 
threeLettersTotalSequenceCorrect_2 .395 .473 
colorMatchAverageCommisions_2 -.281 -.055 
threeLettersTotalLettersCorrect_2 .375 .502 
threeLettersPercentageLettersCorrect_2 .375 .502 
threeLettersAverageTimeFirstClick_2 -.029 -.603 
threeLettersAverageCounted_2 .160 .698 
threeLettersAverageCountedCorrectly_2 .167 .701 
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Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 






5 FACTOR NEUROCOGNITIVE EFA (COMPOSITES) 
 
Rotated Component Matrixa 
 
Component 
1 2 3 4 5 
userMemoryCompositeScoreVerbal_2 -.207 -.134 .240 .168 .924 
userMemoryCompositeScoreVisual_2 -.137 -.140 .938 .170 .231 
userVisualMotorCompositeScore_2 -.061 -.281 .174 .927 .166 
userReactionTimeCompositeScore_2 -.008 .947 -.136 -.264 -.125 
userImpulseControlCompositeScore_2 .975 -.007 -.124 -.053 -.178 
Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 


















TITLE: CFA Symptoms Model;
DATA:
File = C:\Users\MeekP.UNIVERSITY\Desktop\TS\cfaFINALSNC.dat;
FORMAT = 22F1.0 5F5.2;
VARIABLE:
NAMES ARE S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18
S19 S20 S21 S22 VE VI VM RT IC;
USEVARIABLES = S1 S3 S4 S5 S6 S7 S9 S10 S11 S12 S14 S15 S16 S18
S19 S20 S21 S22;
CATEGORICAL = S1 S3 S4 S5 S6 S7 S9 S10 S11 S12 S14 S15 S16 S18





F1 BY S10 S12 S18 S1 S5 S19 S20 S11 S7 S3 S4;
F2 BY S15 S16 S22 S14 S21;
F3 BY S9 S6;





INPUT READING TERMINATED NORMALLY
CFA Symptoms Model;
SUMMARY OF ANALYSIS
Number of groups 1
Number of observations 1280
Number of dependent variables 18
Number of independent variables 0
Number of continuous latent variables 3
Observed dependent variables
Binary and ordered categorical (ordinal)
S1 S3 S4 S5 S6 S7
S9 S10 S11 S12 S14 S15













Maximum number of iterations 1000
Convergence criterion 0.500D-04






UNIVARIATE PROPORTIONS AND COUNTS FOR CATEGORICAL VARIABLES
S1
Category 1 0.565 723.000
Category 2 0.435 557.000
S3
Category 1 0.880 1127.000
Category 2 0.120 153.000
S4
Category 1 0.824 1055.000
Category 2 0.176 225.000
S5
Category 1 0.791 1013.000
Category 2 0.209 267.000
S6
Category 1 0.847 1084.000
Category 2 0.153 196.000
S7
Category 1 0.801 1025.000
Category 2 0.199 255.000
S9
Category 1 0.884 1132.000
Category 2 0.116 148.000
S10
Category 1 0.752 963.000
Category 2 0.248 317.000
S11
Category 1 0.778 996.000
Category 2 0.222 284.000
S12
Category 1 0.784 1003.000
Category 2 0.216 277.000
S14
Category 1 0.890 1139.000
Category 2 0.110 141.000
S15
Category 1 0.930 1190.000
Category 2 0.070 90.000
S16
Category 1 0.909 1164.000
Category 2 0.091 116.000
S18
Category 1 0.818 1047.000
Category 2 0.182 233.000
S19
Category 1 0.830 1062.000








Category 1 0.735 941.000
Category 2 0.265 339.000
S21
Category 1 0.833 1066.000
Category 2 0.167 214.000
S22
Category 1 0.885 1133.000




S1$1 S3$1 S4$1 S5$1 S6$1
________ ________ ________ ________ ________
1 0.163 1.177 0.932 0.811 1.023
SAMPLE THRESHOLDS
S7$1 S9$1 S10$1 S11$1 S12$1
________ ________ ________ ________ ________
1 0.844 1.197 0.682 0.766 0.784
SAMPLE THRESHOLDS
S14$1 S15$1 S16$1 S18$1 S19$1
________ ________ ________ ________ ________




1 0.628 0.965 1.201
SAMPLE TETRACHORIC CORRELATIONS
S1 S3 S4 S5 S6




S5 0.831 0.784 0.847
S6 0.536 0.476 0.635 0.557
S7 0.638 0.643 0.588 0.662 0.542
S9 0.461 0.476 0.537 0.527 0.811
S10 0.764 0.754 0.745 0.767 0.567
S11 0.700 0.682 0.659 0.712 0.618
S12 0.824 0.684 0.715 0.802 0.603
S14 0.540 0.461 0.552 0.571 0.532
S15 0.593 0.438 0.587 0.587 0.510
S16 0.584 0.551 0.619 0.615 0.570
S18 0.738 0.713 0.716 0.719 0.540
S19 0.729 0.702 0.734 0.763 0.614
S20 0.788 0.702 0.772 0.780 0.635
S21 0.629 0.577 0.731 0.691 0.548







S7 S9 S10 S11 S12
________ ________ ________ ________ ________
S9 0.538
S10 0.595 0.452
S11 0.816 0.578 0.661
S12 0.608 0.512 0.844 0.677
S14 0.510 0.463 0.489 0.580 0.590
S15 0.506 0.509 0.514 0.636 0.563
S16 0.533 0.552 0.569 0.592 0.648
S18 0.697 0.486 0.725 0.758 0.713
S19 0.685 0.550 0.733 0.772 0.726
S20 0.711 0.577 0.766 0.753 0.784
S21 0.539 0.434 0.618 0.601 0.663
S22 0.559 0.481 0.738 0.638 0.707
SAMPLE TETRACHORIC CORRELATIONS
S14 S15 S16 S18 S19
________ ________ ________ ________ ________
S15 0.654
S16 0.722 0.853
S18 0.547 0.621 0.597
S19 0.600 0.609 0.685 0.816
S20 0.600 0.649 0.670 0.854 0.820
S21 0.544 0.603 0.609 0.744 0.716






THE MODEL ESTIMATION TERMINATED NORMALLY
MODEL FIT INFORMATION
Number of Free Parameters 39
Chi-Square Test of Model Fit
Value 509.309*
Degrees of Freedom 132
P-Value 0.0000
* The chi-square value for MLM, MLMV, MLR, ULSMV, WLSM and WLSMV cannot be used
for chi-square difference testing in the regular way. MLM, MLR and WLSM
chi-square difference testing is described on the Mplus website. MLMV, WLSMV,
and ULSMV difference testing is done using the DIFFTEST option.
RMSEA (Root Mean Square Error Of Approximation)
Estimate 0.047
90 Percent C.I. 0.043 0.052









Chi-Square Test of Model Fit for the Baseline Model
Value 24914.594
Degrees of Freedom 153
P-Value 0.0000




Estimate S.E. Est./S.E. P-Value
F1 BY
S10 1.000 0.000 999.000 999.000
S12 1.023 0.022 46.913 0.000
S18 1.021 0.026 39.750 0.000
S1 1.028 0.025 40.553 0.000
S5 1.053 0.024 43.934 0.000
S19 1.029 0.025 40.831 0.000
S20 1.066 0.023 45.742 0.000
S11 0.986 0.026 37.553 0.000
S7 0.908 0.030 30.124 0.000
S3 0.959 0.031 31.385 0.000
S4 1.014 0.027 37.847 0.000
F2 BY
S15 1.000 0.000 999.000 999.000
S16 1.042 0.043 24.208 0.000
S22 1.101 0.052 21.120 0.000
S14 0.911 0.051 17.861 0.000
S21 1.051 0.051 20.688 0.000
F3 BY
S9 1.000 0.000 999.000 999.000
S6 1.115 0.061 18.378 0.000
F3 WITH
F1 0.516 0.032 15.946 0.000
F2 0.475 0.039 12.216 0.000
F2 WITH
F1 0.616 0.031 19.739 0.000
Thresholds
S1$1 0.163 0.035 4.638 0.000
S3$1 1.177 0.045 25.902 0.000
S4$1 0.932 0.041 22.635 0.000
S5$1 0.811 0.040 20.508 0.000
S6$1 1.023 0.043 24.027 0.000
S7$1 0.844 0.040 21.126 0.000
S9$1 1.197 0.046 26.098 0.000
S10$1 0.682 0.038 17.870 0.000
S11$1 0.766 0.039 19.621 0.000









S14$1 1.226 0.046 26.364 0.000
S15$1 1.473 0.053 27.779 0.000
S16$1 1.337 0.049 27.196 0.000
S18$1 0.908 0.041 22.238 0.000
S19$1 0.953 0.041 22.978 0.000
S20$1 0.628 0.038 16.686 0.000
S21$1 0.965 0.042 23.172 0.000
S22$1 1.201 0.046 26.137 0.000
Variances
F1 0.736 0.029 25.772 0.000
F2 0.640 0.048 13.400 0.000




Estimate S.E. Est./S.E. P-Value
F1 BY
S10 0.858 0.017 51.543 0.000
S12 0.878 0.016 56.493 0.000
S18 0.876 0.017 52.966 0.000
S1 0.882 0.015 57.979 0.000
S5 0.903 0.014 64.518 0.000
S19 0.883 0.016 53.582 0.000
S20 0.914 0.012 73.173 0.000
S11 0.846 0.018 46.254 0.000
S7 0.779 0.023 33.883 0.000
S3 0.823 0.023 35.984 0.000
S4 0.870 0.018 48.811 0.000
F2 BY
S15 0.800 0.030 26.801 0.000
S16 0.834 0.024 34.138 0.000
S22 0.881 0.026 33.460 0.000
S14 0.729 0.033 21.775 0.000
S21 0.841 0.026 32.406 0.000
F3 BY
S9 0.853 0.030 28.263 0.000
S6 0.951 0.028 34.202 0.000
F3 WITH
F1 0.705 0.030 23.150 0.000
F2 0.696 0.038 18.345 0.000
F2 WITH
F1 0.898 0.016 56.455 0.000
Thresholds
S1$1 0.163 0.035 4.638 0.000
S3$1 1.177 0.045 25.902 0.000
S4$1 0.932 0.041 22.635 0.000
S5$1 0.811 0.040 20.508 0.000
S6$1 1.023 0.043 24.027 0.000
S7$1 0.844 0.040 21.126 0.000
S9$1 1.197 0.046 26.098 0.000






S11$1 0.766 0.039 19.621 0.000
S12$1 0.784 0.039 19.988 0.000
S14$1 1.226 0.046 26.364 0.000
S15$1 1.473 0.053 27.779 0.000
S16$1 1.337 0.049 27.196 0.000
S18$1 0.908 0.041 22.238 0.000
S19$1 0.953 0.041 22.978 0.000
S20$1 0.628 0.038 16.686 0.000
S21$1 0.965 0.042 23.172 0.000
S22$1 1.201 0.046 26.137 0.000
Variances
F1 1.000 0.000 999.000 999.000
F2 1.000 0.000 999.000 999.000
F3 1.000 0.000 999.000 999.000
R-SQUARE
Observed Two-Tailed Residual
Variable Estimate S.E. Est./S.E. P-Value Variance
S1 0.778 0.027 28.990 0.000 0.222
S3 0.677 0.038 17.992 0.000 0.323
S4 0.757 0.031 24.405 0.000 0.243
S5 0.816 0.025 32.259 0.000 0.184
S6 0.905 0.053 17.101 0.000 0.095
S7 0.607 0.036 16.942 0.000 0.393
S9 0.728 0.052 14.132 0.000 0.272
S10 0.736 0.029 25.772 0.000 0.264
S11 0.716 0.031 23.127 0.000 0.284
S12 0.770 0.027 28.246 0.000 0.230
S14 0.531 0.049 10.888 0.000 0.469
S15 0.640 0.048 13.400 0.000 0.360
S16 0.695 0.041 17.069 0.000 0.305
S18 0.768 0.029 26.483 0.000 0.232
S19 0.779 0.029 26.791 0.000 0.221
S20 0.836 0.023 36.586 0.000 0.164
S21 0.708 0.044 16.203 0.000 0.292
S22 0.776 0.046 16.730 0.000 0.224
QUALITY OF NUMERICAL RESULTS
Condition Number for the Information Matrix 0.436E-02
(ratio of smallest to largest eigenvalue)
DIAGRAM INFORMATION
Use View Diagram under the Diagram menu in the Mplus Editor to view the diagram.
































TITLE: CFA Symptoms Model;
DATA:
File = C:\Users\MeekP.UNIVERSITY\Desktop\TS\cfaFINALSNC.dat;
FORMAT = 22F1.0 5F5.2;
VARIABLE:
NAMES ARE S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18
S19 S20 S21 S22 VE VI VM RT IC;
USEVARIABLES = VE VI VM RT IC;
MODEL:
F1 BY VI VE IC;





INPUT READING TERMINATED NORMALLY
CFA Symptoms Model;
SUMMARY OF ANALYSIS
Number of groups 1
Number of observations 1280
Number of dependent variables 5
Number of independent variables 0
Number of continuous latent variables 2
Observed dependent variables
Continuous





Maximum number of iterations 1000
Convergence criterion 0.500D-04














VE VI VM RT IC
________ ________ ________ ________ ________
1 -0.032 -0.042 -0.032 0.003 0.002
Covariances
VE VI VM RT IC
________ ________ ________ ________ ________
VE 0.983
VI 0.571 0.995
VM 0.457 0.447 1.004
RT -0.417 -0.367 -0.595 1.076
IC -0.319 -0.245 -0.199 0.057 0.892
Correlations
VE VI VM RT IC
________ ________ ________ ________ ________
VE 1.000
VI 0.578 1.000
VM 0.460 0.448 1.000
RT -0.405 -0.355 -0.573 1.000
IC -0.341 -0.260 -0.210 0.058 1.000
THE MODEL ESTIMATION TERMINATED NORMALLY
MODEL FIT INFORMATION







Sample-Size Adjusted BIC 16532.930
(n* = (n + 2) / 24)
Chi-Square Test of Model Fit
Value 47.307
Degrees of Freedom 4
P-Value 0.0000








90 Percent C.I. 0.070 0.116




Chi-Square Test of Model Fit for the Baseline Model
Value 1664.844
Degrees of Freedom 10
P-Value 0.0000




Estimate S.E. Est./S.E. P-Value
F1 BY
VI 1.000 0.000 999.000 999.000
VE 1.117 0.059 18.814 0.000
IC -0.501 0.043 -11.606 0.000
F2 BY
VM 1.000 0.000 999.000 999.000
RT -0.846 0.049 -17.335 0.000
F1 WITH
F2 0.422 0.030 13.928 0.000
Intercepts
VE -0.032 0.028 -1.145 0.252
VI -0.042 0.028 -1.512 0.130
VM -0.032 0.028 -1.149 0.251
RT 0.003 0.029 0.087 0.931
IC 0.002 0.026 0.094 0.925
Variances
F1 0.517 0.042 12.387 0.000
F2 0.704 0.052 13.627 0.000
Residual Variances
VE 0.338 0.032 10.630 0.000
VI 0.478 0.030 15.845 0.000
VM 0.301 0.037 8.121 0.000
RT 0.572 0.034 16.924 0.000










Estimate S.E. Est./S.E. P-Value
F1 BY
VI 0.721 0.021 34.034 0.000
VE 0.810 0.020 39.548 0.000
IC -0.381 0.028 -13.759 0.000
F2 BY
VM 0.837 0.022 37.229 0.000
RT -0.684 0.023 -30.248 0.000
F1 WITH
F2 0.699 0.026 26.772 0.000
Intercepts
VE -0.032 0.028 -1.144 0.252
VI -0.042 0.028 -1.512 0.131
VM -0.032 0.028 -1.149 0.251
RT 0.002 0.028 0.087 0.931
IC 0.003 0.028 0.094 0.925
Variances
F1 1.000 0.000 999.000 999.000
F2 1.000 0.000 999.000 999.000
Residual Variances
VE 0.344 0.033 10.348 0.000
VI 0.480 0.031 15.722 0.000
VM 0.299 0.038 7.958 0.000
RT 0.532 0.031 17.168 0.000
IC 0.855 0.021 40.404 0.000
R-SQUARE
Observed Two-Tailed
Variable Estimate S.E. Est./S.E. P-Value
VE 0.656 0.033 19.774 0.000
VI 0.520 0.031 17.017 0.000
VM 0.701 0.038 18.614 0.000
RT 0.468 0.031 15.124 0.000
IC 0.145 0.021 6.880 0.000
QUALITY OF NUMERICAL RESULTS
Condition Number for the Information Matrix 0.195E-01
(ratio of smallest to largest eigenvalue)
DIAGRAM INFORMATION
Use View Diagram under the Diagram menu in the Mplus Editor to view the diagram.
























































































































Change df1 df2 
Sig. F 
Change 
1 .103a .011 .002 11.548 .011 1.278 6 716 .265 
2 .179b .032 .018 11.455 .021 3.917 4 712 .004 
3 .203c .041 .022 11.432 .009 1.730 4 708 .141 
a. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2 
b. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2 
c. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2, TotalnofconcussionsthatresultedinLOC_2 Total n of 









Model Sum of Squares df Mean Square F Sig. 
1 Regression 1022.667 6 170.444 1.278 .265b 
Residual 95481.510 716 133.354   
Total 96504.177 722    
2 Regression 3078.470 10 307.847 2.346 .010c 
Residual 93425.707 712 131.216   
Total 96504.177 722    
3 Regression 3982.795 14 284.485 2.177 .007d 
Residual 92521.382 708 130.680   
Total 96504.177 722    
a. Dependent Variable: userMemoryCompositeScoreVerbal_2 
userMemoryCompositeScoreVerbal_2 
b. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2 
c. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2 
d. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2, TotalnofconcussionsthatresultedinLOC_2 Total n of 
concussions that resulted in LOC_2, CS_soccer, NumberofConcussions_2 Number 
































e df1 df2 
Sig. F 
Change 
1 .154a .024 .016 13.714 .024 2.917 6 716 .008 
2 .197b .039 .025 13.648 .015 2.740 4 712 .028 
3 .220c .048 .030 13.617 .010 1.803 4 708 .126 
a. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2 
b. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2 
c. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2, TotalnofconcussionsthatresultedinLOC_2 Total n of 








Model Sum of Squares df Mean Square F Sig. 
1 Regression 3291.647 6 548.608 2.917 .008b 
Residual 134660.552 716 188.073   
Total 137952.199 722    
2 Regression 5333.234 10 533.323 2.863 .002c 
Residual 132618.965 712 186.263   
Total 137952.199 722    
3 Regression 6670.702 14 476.479 2.570 .001d 
Residual 131281.498 708 185.426   
Total 137952.199 722    
a. Dependent Variable: userMemoryCompositeScoreVisual_2 
userMemoryCompositeScoreVisual_2 
b. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2 
c. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2 
d. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2, TotalnofconcussionsthatresultedinLOC_2 Total n of 
concussions that resulted in LOC_2, CS_soccer, NumberofConcussions_2 Number 






























Change df1 df2 
Sig. F 
Change 
1 .176a .031 .023 6.98028 .031 3.826 6 716 .001 
2 .250b .063 .049 6.88512 .032 5.982 4 712 .000 
3 .298c .089 .071 6.80808 .026 5.051 4 708 .001 
a. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2 
b. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2 
c. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2, TotalnofconcussionsthatresultedinLOC_2 Total n of 








Model Sum of Squares df Mean Square F Sig. 
1 Regression 1118.403 6 186.401 3.826 .001b 
Residual 34886.597 716 48.724   
Total 36005.001 722    
2 Regression 2252.752 10 225.275 4.752 .000c 
Residual 33752.249 712 47.405   
Total 36005.001 722    
3 Regression 3189.235 14 227.803 4.915 .000d 
Residual 32815.765 708 46.350   
Total 36005.001 722    
a. Dependent Variable: userVisualMotorCompositeScore_2 
userVisualMotorCompositeScore_2 
b. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2 
c. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2 
d. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2, TotalnofconcussionsthatresultedinLOC_2 Total n of 
concussions that resulted in LOC_2, CS_soccer, NumberofConcussions_2 Number 


























Change df1 df2 
Sig. F 
Change 
1 .106a .011 .003 .10441 .011 1.366 6 716 .226 
2 .154b .024 .010 .10405 .012 2.243 4 712 .063 
3 .169c .029 .010 .10407 .005 .928 4 708 .447 
a. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2 
b. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2 
c. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2, TotalnofconcussionsthatresultedinLOC_2 Total n of 








Model Sum of Squares df Mean Square F Sig. 
1 Regression .089 6 .015 1.366 .226b 
Residual 7.805 716 .011   
Total 7.894 722    
2 Regression .186 10 .019 1.722 .072c 
Residual 7.708 712 .011   
Total 7.894 722    
3 Regression .227 14 .016 1.495 .107d 
Residual 7.668 708 .011   
Total 7.894 722    
a. Dependent Variable: userReactionTimeCompositeScore_2 
userReactionTimeCompositeScore_2 
b. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2 
c. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2 
d. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2, TotalnofconcussionsthatresultedinLOC_2 Total n of 
concussions that resulted in LOC_2, CS_soccer, NumberofConcussions_2 Number 






























Change df1 df2 
Sig. F 
Change 
1 .109a .012 .004 6.172 .012 1.427 6 716 .201 
2 .196b .038 .025 6.106 .026 4.898 4 712 .001 
3 .271c .073 .055 6.010 .035 6.717 4 708 .000 
a. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2 
b. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2 
c. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2, TotalnofconcussionsthatresultedinLOC_2 Total n of 








Model Sum of Squares df Mean Square F Sig. 
1 Regression 326.178 6 54.363 1.427 .201b 
Residual 27276.323 716 38.095   
Total 27602.501 722    
2 Regression 1056.610 10 105.661 2.834 .002c 
Residual 26545.891 712 37.284   
Total 27602.501 722    
3 Regression 2027.105 14 144.793 4.008 .000d 
Residual 25575.396 708 36.123   
Total 27602.501 722    
a. Dependent Variable: userImpulseControlCompositeScore_2 
userImpulseControlCompositeScore_2 
b. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2 
c. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2 
d. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2, TotalnofconcussionsthatresultedinLOC_2 Total n of 
concussions that resulted in LOC_2, CS_soccer, NumberofConcussions_2 Number 






























Change df1 df2 
Sig. F 
Change 
1 .147a .022 .013 9.52200 .022 2.636 6 716 .016 
2 .177b .031 .018 9.50096 .010 1.794 4 712 .128 
3 .189c .036 .017 9.50576 .004 .820 4 708 .512 
a. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2 
b. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2 
c. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2, TotalnofconcussionsthatresultedinLOC_2 Total n of 








Model Sum of Squares df Mean Square F Sig. 
1 Regression 1434.078 6 239.013 2.636 .016b 
Residual 64918.668 716 90.669   
Total 66352.747 722    
2 Regression 2081.808 10 208.181 2.306 .011c 
Residual 64270.939 712 90.268   
Total 66352.747 722    
3 Regression 2378.257 14 169.876 1.880 .025d 
Residual 63974.490 708 90.359   
Total 66352.747 722    




b. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2 
c. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2 
d. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2, TotalnofconcussionsthatresultedinLOC_2 Total n of 
concussions that resulted in LOC_2, CS_soccer, NumberofConcussions_2 Number 



























Change df1 df2 
Sig. F 
Change 
1 .330a .109 .093 2.79206 .109 6.663 6 327 .000 
2 .337b .114 .086 2.80204 .005 .419 4 323 .795 
3 .352c .124 .085 2.80313 .010 .937 4 319 .443 
a. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, Dyslexia_2 Dyslexia_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, SpecialEDClasses_2 Special ED Classes_2 
b. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, Dyslexia_2 Dyslexia_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, SpecialEDClasses_2 Special ED Classes_2, 
BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, EdLevel_2 Ed Level_2 
c. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, Dyslexia_2 Dyslexia_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, SpecialEDClasses_2 Special ED Classes_2, 
BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, EdLevel_2 Ed Level_2, 
TotalnofconcussionsthatresultedinLOC_2 Total n of concussions that resulted in 
LOC_2, CS_soccer, NumberofConcussions_2 Number of Concussions_2, CS_football 
 
 




Model Sum of Squares df Mean Square F Sig. 
1 Regression 311.648 6 51.941 6.663 .000b 
Residual 2549.169 327 7.796   
Total 2860.817 333    
2 Regression 324.808 10 32.481 4.137 .000c 
Residual 2536.009 323 7.851   
Total 2860.817 333    
3 Regression 354.259 14 25.304 3.220 .000d 
Residual 2506.559 319 7.858   
Total 2860.817 333    
a. Dependent Variable: SYM_F2 COMPUTE 
SYM_F2=SUM(VisualProblemsDelayed_2,DifficultyRememberingDelayed_2,Feeli
ngmoreemotionalDelayed_2,NervousnessDelayed_2,SadnessDelayed_2) 
b. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, Dyslexia_2 Dyslexia_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, SpecialEDClasses_2 Special ED Classes_2 
c. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, Dyslexia_2 Dyslexia_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, SpecialEDClasses_2 Special ED Classes_2, 
BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, EdLevel_2 Ed Level_2 
d. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, Dyslexia_2 Dyslexia_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, SpecialEDClasses_2 Special ED Classes_2, 
BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, EdLevel_2 Ed Level_2, 
TotalnofconcussionsthatresultedinLOC_2 Total n of concussions that resulted in 
































Change df1 df2 
Sig. F 
Change 
1 .095a .009 .001 1.90911 .009 1.092 6 716 .366 
2 .160b .026 .012 1.89837 .017 3.032 4 712 .017 
3 .173c .030 .011 1.89952 .004 .784 4 708 .536 
a. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2 
b. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2 
c. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2, TotalnofconcussionsthatresultedinLOC_2 Total n of 








Model Sum of Squares df Mean Square F Sig. 
1 Regression 23.870 6 3.978 1.092 .366b 
Residual 2609.610 716 3.645   
Total 2633.480 722    
2 Regression 67.573 10 6.757 1.875 .045c 
Residual 2565.907 712 3.604   
Total 2633.480 722    
3 Regression 78.889 14 5.635 1.562 .085d 
Residual 2554.591 708 3.608   
Total 2633.480 722    
a. Dependent Variable: SYM_F3 COMPUTE 
SYM_F3=SUM(Fatigue_2,SleepinglessthanUsual_2) 
b. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2 
c. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2 
d. Predictors: (Constant), Autism_2 Autism_2, LD_2 LD_2, 
RepeatedoneormoreyearsofSchool_2 Repeated one or more years of School_2, 
ADDorADHD_2 ADD or ADHD_2, Dyslexia_2 Dyslexia_2, SpecialEDClasses_2 
Special ED Classes_2, BMI_2 BMI_2, Age_2 Age_2, Gender_2 Gender_2, 
EdLevel_2 Ed Level_2, TotalnofconcussionsthatresultedinLOC_2 Total n of 
concussions that resulted in LOC_2, CS_soccer, NumberofConcussions_2 Number 
of Concussions_2, CS_football 
 
 
